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INTRODUCTION 
A recent study on diapause response of the European corn borer 
Ostrlnia nubilalis (Hubn.) to photoperlod and temperatures has revealed 
that at least three ecotypes (groups of similar geographical strains) 
exist on the North American continent.^ Showers et al. (1974) found that 
the three ecotypes may employ a similar communication system. The latter 
study also reveals that on specific nights a non-native female may be 
more attractive than the native female. It should be expected that the 
native female would perform better in its own surroundings, therefore, 
this phenomenon suggests that there are other factors governing the 
attractiveness of the female. 
The present study was conceived to determine whether the attractive­
ness of the females representative of the three ecotypes are influenced 
by weather conditions. In effect, the study was to determine which cli­
matic controls and/or weather variables are effective on each of the 
three ecotypes and in what mode of action the variables are effective. 
In addition, feral moth response to the attraction by the female and 
the response relationship to the weather, or more precisely, the 
microclimate in the insect environment was studied. 
As an organism, the insect lives in - and Is inseparable from - the 
environment. As a component of the environment, the insect acts upon 
and is acted upon by other components of the environment (Andrewartha, 
1970). The interaction between each and every other component of the 
^W. B. Showers, H. C. Chiang, A. J. Keaster, R. E. Hill, G. L. Reed, 
A. N. Sparks, and G. J. Musick. Ecotypes of the European corn borer on 
the North American continent (in preparation). 
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environment is so intricate it would appear a maze if essentials are 
not separated from non-essentials. Thus, temperature, for instance, 
could be an essential factor governing the behavior of the insect. 
Whether temperature during any period of time is an important factor 
governing the behavior depends not only on the relationship between tem­
perature and the organism but, also, on whether or not other components 
of the environment are limiting or inhibiting the behavior. The well 
known "Law of the minimum" is universal and would apply here as well as 
in other relationships of organisms to their environment. For an 
insect, Andrewartha (1970) considered weather to be the most important 
component. Under Andrewartha's considerations, the presence of other 
individuals of the same kind, which we will call for short, competition, 
constitute another factor governing the insect relationship to its envi­
ronment. Yet another component of the environment, at least as far as 
this study is concerned, is what Andrewartha classified as the availability 
of food. In the study of the calling behavior of the female moths, the 
presence of males constitutes this component of the environment. 
Obviously the relationship between insect behavior and the weather 
or the microclimate will be obscured if other important components of 
the environment are not taken into consideration. 
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REVIEW OF LITEEATQEE 
. . it is a fact that all life is bound inexorably to the 
atmospheric environment and that organisms display toward weather and 
climate both adaptedness and adaptability. The adaptation may be 
morphological, biochemical, physiological, or behavioral. The crucial 
problems are to elucidate, among the complex constellation of environ­
mental factors acting on organisms, exactly to what extent weather and 
climate account for biological variation-genotypic and pheuotypic-
and their role in the processes of adaptation." As defined by the 
Study Group on Biometeorology (1967) from which the above statement 
is quoted, the environment denotes the conditions and circumstances 
within which organisms live. 
For Insects, in general, as one form of life; and the European 
corn borer Ostrinia nubllalis (Hubn.), in particular, the environment 
is a specificity suited to its biological need. It is within this 
specific environment that the biochemistry, physiology and behavior of 
the adults are adapted, for the sake of survival of the species. It 
would be well to remember that flight and mating, which are the topics 
of this study, could not take place without, and should be preceded 
by, biochemical and physiological processes (Haufe, 1963). Shorey and 
Gaston (1964) precisely expressed it when they concluded that, among 
the noctuids that were most intensively studied, it is evident that 
mating typically occurs only when certain environmental and physiolog­
ical ccuditicns arc suitable. Meting, ho^e^er^ ie "ot isolated 
action, but is a chain of activities by both sexes that might 
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eventually result in copulation. It is thus ia^ortant to establish 
whether the factors studied inhibit, or stimulate, one or more 
activities within this chain, on each, or both of the sexes. One 
other aspect of environment-insect relationship is the control of 
the environment on the behavior of the insect. Since, by habit, the 
European corn borer adult is nocturnal, one would expect it to respond 
differently to conditions prevailing during night time than to con­
ditions prevailing during the day. For European com borer moths, 
Loughner (1970) found that under laboratory environment, mating is 
controlled by light and a temperature drop. Schurr and Holdaway 
(1966) found that there is a periodicity in the oviposition pattern 
of this insect. 
In the following paragraphs we will examine the physiology and 
habits of flight and mating and the interaction between the most 
important environmental factors and the adult insect. 
Physiology of Flight and Mating 
Insects are cold-blooded animals that are not able to regulate 
their body temperature. The insect body temperature would thus be 
regulated by the temperature of the environment. The dependence on 
the environmental temperature, however, could be modified by other 
environmental factors. For instance, body temperature of an insect 
increases with increasing environmental temperature under low evapora­
tive power of the surrounding air. Under low atmospheric humidity, 
the same air temperature increase would not result in the s^e increase 
in body temperature. Body temperature increase under high evaporative 
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power of the air is suppressed by evaporation (Shelford, 1914). Another 
mode of action of humidity influencing the insect's body temperature 
was found by Knight (1929). After studying the color patterns in 
Heteroptera in relation to temperature and humidity, he concluded that 
humidity, apparently, can affect the pattern only by influencing the 
physical activity of the bug. Since the physical activity affects the 
body temperature, humidity indirectly influences the body temperature. 
The importance of the environmental temperature was pointed out 
by Uvarov (1931), in that it influences the Insect's activity through 
the insect's body temperature. For instance, Uvarov (1931), cited a 
report by Dotterweich, showing that body temperature of the hawkmoth 
could rise from 9° to 22° C after fluttering the wings (humming) for 
some time. The moths were observed to fly only when the body tempera­
ture reached 34* C. The time of "humming", however, seemed to depend 
on the external temperature; longer when it was low and shorter when 
it was high. Hanegan and Heath (1970) found that to be flightworthy, 
metabolic energy has to be increased by 50% in the wild silk moths, 
when the temperature was lowered from 25° to 18° C. In an experiment 
with sheep-blowflies, Nicholson (1934), found the greatest fraction 
of Insects take the resting position near the extremes of temperature. 
This observation indicates that activity limitation exists at both 
low and high temperature. The temperature limit itself could be 
altered by other environmental factors. Thus, in cold moist air 
where the body temperature falls more rapidly and metabolism decreases 
(Shelford, 1914) one could expect the limit to occur at a higher air 
temperature than in cold dry air. 
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The fecundity of the moth, Ephestla coutella (Wlk), was found to be 
limited by the quantity of the egg-developing substances (Norris, 1934). 
Since adult lepidoptera do not eat nitrogen containing food, Norris 
suggested, they have to rely for egg-forming, on the nitrogen substances 
stored up during the larval stage. The number of eggs is thus pre­
determined and could not be altered by the influence of the environment, 
except through its action on mating (Barber 1925, Hervey and Palm 1935). 
One of the environmental effects on mating is through its effect on 
the response to sex pheromone. For the female European corn borer, the 
pheromone has been identified by Klun (1968) as cls-11-tetradecenyl 
acetate (£-ll-tda). Through isolation, the accessory gland and 
reservoir of this substance was found to be located in the 9th and 
10th abdominal segments. In Iowa, Klxin and Robinson (1972) found the 
European corn borer and the oblique-banded leafroller (Choristoneura 
rosaceana, Harris) males to respond to different concentrations of 
the same substance. In New York, Roelofs ^  (1972) found that the 
males of both species respond to different substances. The oblique-
banded leafroller still responded to the ^ -isomer, but the corn borer 
was more attracted to the ^-isomer (trans-U-tda). It should be 
mentioned also that in the preceding June, Roelofs et (1972) 
found the male corn borer to respond equally well to both isomers. 
More recently, Klun et ad. (1973) found that maximal attraction of the 
male Iowa borers occurred when 100 ug of the ^ -isomer was mixed with 
4 Wg of the E-isomer. 
From his work on the physiology of the female corn borer moth, 
Vance (1949) concluded, that in addition to satisfactory environmental 
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conditions, the female borers require water to drink for the proper 
functioning of her life processes. Vance also stated that no evidence 
exists to Indicate that these moths feed on nectar or sugar in any form 
in the field. More Information on the physiological necessity was pro­
vided through the experiments conducted by Klra et al» (1969). Their 
data indicate that at least 30% more fertile eggs were produced by 
moths which were provided with drinking water. 
The insect eye differs from those of the vertebrates in that it 
is a compound eye consisting of several thousands ommatidia. The most 
important parts of the ommatidium are the colored granules in the iris 
cells which can be drawn upward or expanded downward. This movement 
is synchronized in all the iris cells and controls the amount of light 
reaching the sensory portion of the ommatidium (Ross, 1965). According 
to Wigglesworth (1953), complete expansion, or withdrawal, from the 
reverse position can be accomplished in about an hour. Since there is 
no mechanism to completely shut out the light, a sudden change in 
illumination level would have a blinding effect. There is also evidence 
that the positive response to contact with a foreign body (stereo-
troplsm) can be suppressed by light of sufficient intensity. This was 
found by Crozler (1924) in the Tenebrlo larvae. This author also 
noted that there is a fairly sharp value of light intensity, such 
that a slightly lower value fails to Inhibit, while a slightly higher 
value almost always inhibits stereotropism. 
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Flight and Hating Habits 
An extensive accumulation of data on the flight of the European 
corn borer during 1928-1933 in Ontario (Canada), was made by Stlrret 
et al. (1934). One of the conclusions reached by these authors was 
that there was no apparent correlation between the numbers of Insects 
caught in the light traps and the number observed in the field on 
individual nights. However, the same general trends of flight peaks 
and depressions of moths in the field and moths captured in the light 
trap persisted throughout the season. The difference in numbers be­
tween that which flew into the light traps and that which flew into 
the field was thought by Stlrret (1938) to be caused by the relative 
attractability of the traps and the field and the weather conditions 
prevailing on the individual nights. 
The nightly flight pattern was characterized by Huber et al. 
(1928) to be bimodal. An early evening flight peak was thought to be 
for mate seeking and egg deposition purposes, while an early morning 
peak was thought to have no definite purpose. Averaging the hourly 
catches during the flight period, Stewart and Lam (1969) obtained a 
similar pattern in North Carolina. Table 1 shows data collected by 
Showers and Reed on 3 nights during August 1971 in central Iowa. Of 
the 3 nights, only one night showed a possible peak of flight in the 
early morning hours. In Ontario, Stlrret's (1938) data showed that 
over 90% of flight takes place before midnight. From the remaining 10% 
mml oK/\nf* "9^? f 1 At» af 4-AV AI • *^0 . 
Table 1. Hourly catch of moths in I;l^t traps nights of 
5-6, 6-7 and 10-11 of Ai^gait 19% (ShwWr» and Reed 
unpublished data). 
Time Aug. 5-6 Aug. 6-7 Aug. lO^U Average 
(CST) 6 # 6 $ à $ 6 2 
20:30 41 63 34 51 27 16 34 43 
21:30 40 72 116 147 64 67 73 95 
22:30 17 38 60 96 42 48 40 61 
23:30 10 20 40 36 7 13 19 23 
00:30 12 5 19 26 9 13 13 15 
01:30 11 2 25 24 5 2 14 9 
01:30* 7 2 40 20 6 5 18 9 
hourly average catch from 01:30 to 05:30 (sunrise). 
Huber et^ al. (1928) suggested that the direction of flight, 
whether with or against the wind, depends on the physiological processes 
within the moth. The ins^t, these authors thought, responds more 
definitely to the odors enanating frcn the cornfield before mating or 
egg deposition, lAere as after that, thëy may travel without purpose. 
There is, however, no question of a preplanned direction orientation 
in an insect's Ay-ThnmpAnn (1967) ob­
served that woodlice pl*c^ in the rim around until, by chance, 
they come upon a daiq> plaçie» Their ac^vlty then lessened or ceased 
altogether. Thus far, no record could be found of observations that 
mating actually takes plwe In the cornlEi^eW. 
Oloumi-Sadeghl (1973) vho Iqeetet his pheromone baited traps at the 
edges of cornfields, noted that there is an apparent lag between peak of 
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male flight and peak of egg disposition. He also noted that in light 
trap catches, peaks of male flight coincided with peaks of gravid female 
flight. These observations suggest that mating occurred before the 
female moths took to flight. The male moths, on the other hand, will 
fly as soon as few, or no, females in their vicinity are available for 
mating. 
Moreover, Stirret's (1938) data showed that, while in the light 
trap catches, male outnumbered female moths, the reverse relationship 
occurred in his field catches, thus suggesting more reluctance on the 
part of the female moths to fly to the light traps. The male usually 
outnumbered the female in the light trap collections in Central Iowa, 
except for the summer flight of 1972^. These data also revealed that 
while about one third of the female caught in the spring flights were 
unmated gravid, less than this proportion of this category was captured 
during the summer flights. 
Working with light traps placed over the com plants in the field, 
Hervey and Palm (1935) and Ficht and Hienton (1939) found that more 
female than male moths were caught in the corn fields. Only once, 
during the spring flight 1937 of the Ficht and Hienton study, were less 
than one half of the moths caught females. In Caffrey and Worthley's 
(1927/ study, the female catch exceeded male catch in the light traps 
in the spring flights of 1918 and 1921. 
With the crambid moths (Âinslie, 1917) the number of female caught 
exceeded the number of male in 5 out of 16 nights. The attraction of 
^Showers, W. B., G. L. Reed, and H. Oloumi-Sadeghi. Relationship of 
egg mass deposit on corn to mating status of the female European corn 
borer in light traps (submitted to the J. Econ. Ent. 1974). 
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host plants on mated gravid females was also revealed from Yothers 
(1927) study. Using traps baited with nurture substances, he found 
that of the 53%-60% female moths that made up the catch, 95% were 
mated gravid. Ficht and Hienton (1939) found that although during 
the early part of the flight, mated gravid females were outnumbered, 
they made up the largest fraction of female catch over the flight 
period. 
According to Cloudsley-Thompson (1960), selection pressure, causes 
organisms capable of adapting their functions to the periodicity of 
their surroundings to be favored, and therefore should show adaptive 
rhythms in their physiology and behavior. Â 'biological clock' is to 
be expected in animals living in a periodically fluctuating environment. 
In the European com borer, Loughner (1970) and Schurr and Holdaway 
(1966) found that mating and oviposition, respectively, conform to a 
periodicity of light and dark cycle (L:D). Corbet (1960) noted, that 
in nature, the rhythm is difficult to interpret, since its manifesta­
tion could be affected by the numerous environmental factors. It was, 
however, pointed out that ecological significance should be derived 
from observations made under natural conditions. 
Âschoff (1964) reported field mice to change from light active to 
dark-active animals with the season. In the white mouse, according to 
Aschoff, such changes can even happen as a result of minor changes in 
the environment (shortened or lengthened cycle). 0'Kane and Lowry 
(1927) reported that mating in the European com borer could occur on 
cool, cloudy days. Forced activity of the com borer is seen in 
Showers and Reed (1972) unpublished data, which show that by 3 PM some 
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moths have left the habitat in which they were released in the morning, 
to find more suitable habitat. In this context Âschoff (1964) pro­
posed the definition of light active animals as those whose frequency 
and level of oscillations increase with increasing light intensity, and 
dark active those showing the opposite trend. 
Mating habits of European com borer adults were studied in the 
laboratory by Loughner (1970). Using pint-size cages for his experi­
ments, Loughner found that the age limit for successful mating was lower 
than that determined by Caffrey and Worthley (1927). His study further 
indicates that mating between moths of different ages could be success­
ful, but either sex can mate only once in 24-hours. During their life 
time, only 12% of the female moths were found to have mated twice, less 
than what was previously found by Pesho (1961) and Drecktrah and 
Brindley (1967). Lukefahr and Griffin (1957) found that 28% of the 
Pink Bollworm moths (Pectinophora gossypiella, Saund.) in their tests, 
mated at least twice. Forty percent of the moths were mated within 
the first night after emergence. 
Loughner (1970) found that a possibility existed that no mating 
would occur when the cage contained only one or two pairs. On the 
other hand, with more than three pairs per cage, there is always one 
which does not mate within 24 hours. Working with Fall Webworm 
(Hyphantrla cunea, Drury), Calcote and Gentry (1973) found a signif­
icantly greater number of traps baited with multiple females caught 
males than traps baited with a single female. However, no differences 
in the number of males caught by individual traps could be shown be­
tween traps baited with one female or more than one female. These 
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authors also stated that more than half of the females (analysis based 
on traps baited with one female) were attractive; however, the dally 
average of attractive females was only ca. 15%. 
Frecopulatory behavior of the male European com borer has been 
described In detail by Fesho (1961), Poos (1927), Klun (1968) and 
Loughner (1970). The behavior of one Individual In the presence of 
another Individual Is not known. In the fall-webwom, as soon as one 
of the from one to ten males circling around a female has made physical 
contact with the female, the others will depart (Calcote and Gentry, 
1973). Doane and Garde (1973) studied the search behavior of the male 
Gypsy moth, Pothetrla dlspar L. While a single moth may spend as long 
as 20.5 seconds looking for the source of the pheromone, in the presence 
of another moth, it stops searching within 2 seconds after wing contact 
has been made with the other male. Shorey and Gaston (1970) studied the 
reaction of male Trichoplusia ni by exposing a sex attractant on a disk 
made of filter paper and 2 models to the left and right of it. They 
found that while 67% of the males went to the pheromone source, only 14% 
directed its copulatory attempts to the paper disk. 
Schurr and Holdaway (1966) observed that under natural conditions, 
caged moths eadiibit periodicity; remaining quiescent during the day, but 
change markedly with the arrival of night. Oviposition, under constant 
conditions, however, never came to a complete halt in their experiment. 
Loughner (1970) found that mating under laboratory conditions follows a 
J ^ ^ -• mm 4"%»^ 4» 1 4 0"^% ^1% O A A 4 W A f»# 4 ** A 
The dlel periodicity was also recognized in the codling moth Laspeyresla 
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ponionella (L.) (Batiste et al., 1973a), although here the rhythm is 
entrained to the light and dark cycle only. This phenomena appears to 
be the case also in the pink bollworm moths (Lvikefahr and Griffin, 1957). 
Mating of this insect began about 7 hours after darkness, whether this 
coincided with natural night or during the day. 
The Influence of Light on the Insect's Habit and Behavior 
Loughner concluded (1970) that mating of the corn borer is ulti­
mately controlled by light intensity. Maximum activity in a population 
of moths, however, is dependent on the complete activation of the so 
called oscillator B, which is temperature sensitive. With regard to 
this Corbet (1960) stated that the role of light, or darkness, is to 
stimulate, or release, activity, which then will become manifest only 
if factors, such as humidity, temperature, etc., provide a microclimate 
suitable for its expression. Corbet also stated that the positioning 
of some activity patterns In nature, is determined by time cues on a day 
to day basis. Probably this is a means to maintain the phase relation 
with nature. In some cases, the relation to nocturnallsm (Cloudsley-
Thompson, 1967) could provide a better explanation. Thus, the activity 
cycle in Gloslna, or in the beetle Feronia madIda, both basically 
nocturnal, if hungry, may turn diurnal. In addition to this there is 
the nocturnallsm of woodllce (Cloudsley-Thompson, 1967), field mice 
and white mice (Aschoff, 1964). Although the relation to nocturnallsm 
is a most Important aspect in the Insect's behavior, little is known 
about It. 
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Bruce (1960) pointed out that the most important characteristics 
of the light cycle were photoperiodicity and photofraction. Data from 
O'Kane and Lowry (1927) and Loughner (1970) indicate that the diel 
rhythm in the com borer is synchronized with some photofraction rather 
than with periodicity. Photoperiodic phased rhythm, such as exhibited 
by the house cricket (Nowosielski and Patton, 1963), would persist 
under constant conditions, and is circadian. Loughner's (1970) experi­
ments with either the diel or the free running rhythm show that 
activities begin only after the onset of darkness. In another insect, 
Ptinus tectus (Bole), Bentley et (1941) found little effect when 
dusk was protracted, compared to a sudden switch over. Activity of this 
insect still will occur in the dark, if the light-dark cycle is reversed. 
Whether the rhythm is synchronized to the photoperiod or to a photo-
fraction, the physiology of the eye (Wigglesworth, 1953) would be ex­
pected to be adapted to the low illumination level during the night. 
Thus, the use of light traps to study Insect population behavior, the 
relation to weather conditions (Kincer, 1928; Ainslie, 1917; Cook, 1921, 
1923, 1928; Rockwood, 1925; Flcht and Hienton, 1937; Stewart and Lam, 
1969 and others) wwild be effective as long as the intensity surpasses 
the specific light level adapted by the species. There is also the 
notion chat the light trap should stand out with respect to its vicinity. 
Williams (1936), Williams and Singh (1951), Williams et (1956) and 
Williams (1961) have shown that the moon may greatly affect the catch 
in light traps. 
No reference could be found on the influence of light on the mating 
habit of the corn borer. However, the study by Barber (1925) on the 
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relation between egg laying and light provides some information. 
Barber found that fewer eggs were laid under constant light than 
under constant darkness, although moths seemed to prefer the natural 
light and dark period. More interesting, however, is that his data 
show moths experiencing prolonged light hours laid more eggs in an 
egg-laying day, compared to those experienci^ normal light hours. 
Egg-laying days in the first group, however, were fewer. Taken over 
their entire life, fewer eggs were produced by the first group than 
by the second group. Since the egg forming substances were, in a way, 
predetermined (Norris, 1934), this difference is a result of the 
difference in the opportunity to get the eggs fertilized or deposited. 
Hervey and Palm (1935) studied the egg layi^ behavior of the com 
borer with respect to light in nature, using six light traps each in 
two, 1-acre plots of sweet com. They found that Infestation was the 
heaviest immediately around the traps (*85%) and diminished outward, 
until in the fifth or sixth row only about 38% were infested. 
The leaf rollers which respond to almost the same mixture of 
pheromone constituents (Rlun et , 1973; Roelofs ^  , 1972) 
showed the same tendency to light traps with respect to their egg 
laying habits (Collins and Nixon, 1930). Collins and Nixon found 
that while there was no preference in the direction of the rows of the 
trees, the largest catch was made near the outskirts of the lighted 
area. Perhaps the most revealing study on the response to light was 
that conducted by Haufe (1962) under laboratory conditions. Day-
active mosquitoes were starved after emergence for periods of 18-
hours, 3.5 and 6.5 days. His results showed that not only did the 
17 
group that was starved for 18 hours wait to be active until the 
Illumination reached a certain level, but also, only a little more 
than 50% of this group became active, compared to almost all in the 
group starved for 6.5 days. This study further showed that the 
temperature of the environment also determines the threshold value of 
light intensity where the response comnenced, as well as the physiological 
state of the Insect. 
The Influence of Temperature 
Temperature-physiological relationships in Insects have been 
thoroughly discussed by Uvarov (1931). Apple's (1952) practical use 
of temperature summation was later developed into predicting flight 
and ovlposltlon characteristics of the European corn borer (Jarvls and 
Brindley, 1965). The effect of temperature can be modified by moisture 
conditions in such a way that one might accept it as second in importance 
to moisture (Cook 1921, 1923). From his work on grasshoppers, (Parker, 
1930), maintained that the development, dally activities and 
seasonal abundance, were to a large extent dependent on temperature, 
and to a lesser extent on moisture. Parker's data showed that there 
are threshold values where activities such as flight and egg laying 
begin. Newcomer (Garret, 1923) observed that codling moths do not 
deposit eggs when the temperature drops below 60°F. Using baited traps 
as a supplementary measure to suppress infestation by this Insect, 
Yothers (1926) found its flight activities to be related to the daily 
cemperature variation, whether it also relates to temperature variation 
during the night is not known. The daily flight activity of the drywood 
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termite is bimodal and crespuscular. Peaks of swarming are observed 
to coincide with the extremes in the diurnal fluctuations of temperature 
and relative humidity (Minnick, 1973). Most probably the activity 
cycle here is entrained to another rhythm in nature; for instance the 
energy level associated with the altitude of the sun. 
Biever (1972) studying the females of 4 species of Trichogramma, 
found the rate of search (speed of travel) to increase with increase 
of temperature from 25° to 35°C; above this temperature, the rate 
decreases sharply. Biever also found that while the time spent in 
searching is not affected by the species or by the host, the rate of 
search at the temperatures studied was influenced by the host species. 
The response to temperature could also be influenced by other 
factors, as seen in other biological phenomena. Thus, sparks et al. 
(1966) and Showers et (1971) data on the biotypes of the European 
corn borer, indicate that geographical strains respond differently to 
the temperature or the temperature regimes used in their studies. For 
instance, at 28°C, the percentage of Iowa or Missouri borers that 
entered diapause was significantly lower than that from Minnesota. 
More Alabama borers went into diapause when the temperature was 
fluctuating between 22°- 34.5°C than did those from Georgia. It is 
worth noting that in northern Minnesota, the borers undergo one complete 
generation; in Iowa, two generations; in S.E. Missouri and Alabama three 
complete generations, and in southern Georgia there is an indication of a 
partial fourth generation. On the other hand, some insects can adapt 
themselves quickly to a changing environmental temperature. Hamlin (1923) 
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transported groups of Melltara junctionella (Hulst) from Texas to 
Brisbane (Australia) In Decanber 1921. While in Texas the insects 
remained in diapause from November until mid-April, practically all 
in transport had pupated upon arrival in Brisbane. On January 7th 
adults began to emerge in their new environment in Australia. 
Previous temperature, perhaps through its effect on the physi­
ological processes, may also affect insect behavior. The cabbage 
looper attraction to phermnone in the field, was greater if the 
insects were acclimatized at diverse environmental conditions or at 
high temperatures compared to less strenuous conditions (Stimman and 
Wolf, 1973). Nicholson (1934) was correct when he stated that the 
relation with temperature is influenced by a complex of factors. 
Chapman (1928) hypothesized that species with a high potential (rate 
of increase) will be dominant at high temperatures, while species with 
a low potential dominate at a lower temperature. 
In Europe, two generations of corn borer strains prevail along the 
Mediterranean and in the Po valley (Italy) where the summer is warm. 
Where the summer is damp or cool, less than two generations prevail 
and damages due to infestation are light. Excessively high temperature, 
combined with concurrent moisture deficiency, may harm this insect in 
several ways (Ruber & Savage, 1931); moths may die prematurely and the 
ones that survive do not deposit their normal complement of eggs. Effect 
of lethal temperatures can however be avoided. For example, as the 
lethal high temperature is approached, the wood lice would move into 
dry air where water loss by evaporation and cooling takes place rapidly. 
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From his field studies, Stlrret (1938) concluded that there is no 
difference in the temperature preference in the flight of male and 
female moths. Optimal temperature range was found to be between 
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63 - 70 F; which is about 3 lower than that established in New York 
by Hervey and Palm (1935). Stirret (1938) also found there is 
definitely a low temperature limit of 56°F that prohibits flight, not 
only when the temperature occurs in the early morning, but also v^en 
it occurs soon after night fall. 
Temperature's function as an environmental agent has been observed 
in many organisms. For the European corn borer, Loughner's (1970) 
laboratory study shows that the drop in temperature is one of the cues 
to initiation of sexual activity. He found that mating success 
increased with increasing temperature drops. In the range tested, a 
drop of 17°F produced a maximal effect. It should be noted, that, 
while for some organisms, this range would not be effective as a 
"zeitgeber", others can be entrained by smaller variations, or even 
temperature pulses, every 24 hours (Aschoff, 1963). Sweeney and 
Hastings (1960) contended that, just as rhythms have phase determined 
by the daily light-dark cycle, rhythms can be similarly entrained to 
a temperature cycle. When the rhythms are entrained to both temperature 
and light-dark cycle, the mechanism involves two oscillators (Fittendrigh 
and Bruce, 1959). Oscillator A is sensitive to light and drives 
oscillator B. The phase and period of B is thus entrained to A, but is 
Itself sensitive to temperature and is responsible for the overt 
expression of the rhythm. A less rigid variant of this hypothesis is 
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that held by Danilewsky et al. (1970). They believe that the two 
oscillators are independent of each other. The two oscillators are 
capable of interacting and influencing each other. 
Pavan et (1950) maintained that the diurnal periodicity (in 
Drosophila) is an adaptation to the humidity and temperature conditions 
in the environment. This view was rejected by Dyson-Hudson (1956) on 
the basis that field data can not differentiate between the functions 
of any element, i.e., whether light intensity is.a cue or a critical 
factor. Dyson-Hudson believes that the adaptive nature of the diurnal 
rhythm, and the factors to which it is an adaptation, can only be 
settled by laboratory study, where periodic factors of the environment 
can be held constant. In between we have the view held by Corbet (1960), 
that, light releases the activity which can be manifested only if 
temperature and humidity are favorable. 
A most interesting finding was made recently by Truman (1973). 
He conducted laboratory experiments where groups of Antheraea pemyi 
(silk moth), after termination of diapause, were exposed to a light-
dark cycle of 16:8 for various times at 12°C. The remaining develop­
ment (to emergence) occurred at 25°C, while all observations were made 
at 25°C in an LD cycle of 16:8. The result shows that the male flight 
clock is predetermined during the adult development period. Prolonged 
exposure to lower temperature results in a progressive advance in the 
onset of flight activity. Female time of flight does not seem to be 
AffActed In the same way. However, release of pheromone by the female 
was advanced in the same degree as the male flight time. Truman thus 
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argued that this enhances the chance for mating, since the prevailing 
low temperature in spring, would advance both the flight time of the 
male and release of pheromone by the female without advancing the 
flight clock of the latter. 
Moisture and Humidity 
Cook (1921) studying the flight of nocturnal Lepldoptera noted 
that humidity is by far the most important factor influencing the 
flight of the Noctuidae. He observed that an increase in the 7 FM 
relative humidity up to 54% tended to increase the catch in the traps, 
while beyond 54%, the catch decreased in almost the same proportion. 
Cook also noted that humidity modified the effect of temperature, 
i.e., the positive Influence of temperature is much larger below than 
above the optimum humidity level. In 1923, Cook, in his study of the 
physical ecology of the Noctuidae in Minnesota, again reached the same 
conclusion. In this, and later studies (Cook 1926, 1928) the relation­
ship was established with variations in the population size. Olouml-
Sadeghi (1973), in his study of light trap catch in relation to weather 
conditions, noted that the number of com borer moths caught Increased 
as the relative humidity at 7 FM Increased to 80%. 
Parker (1930) found the dally activities of Orthopherans to be 
controlled to a large extent by temperature, and to a lesser extent by 
moisture. Insects vary in their moisture relationship because of their 
body wall structure (Ross, 1965), and in their moisture balance 
requirements (Andrewarcha, I97C). Tûê wûûullcê, for exszpls, sre 
sensitive to moisture deficiency, and thus would seek a damp moist 
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environment for Its habitat. The potato beetle, Leptlnotarsa 
decunllneata (Say), has optimum breeding activity lAen the water 
content of the medium It is in, is highest. These beetles, when 
held in air with a low evaporation rate, remained normal and were 
able to lay eggs within 3 days. When the evaporation rate was at a 
medium level, egg laying was delayed for about 9 days. Where the 
evaporation rate was high, no eggs were laid, and after 5 days the 
beetles entered the soil to emerge some time later after rain had 
fallen (Breitenbrecker, 1918). 
Shelford (1914) noted that insects become more sensitive to the 
effect of evaporation after they had been in dry air long enough to 
have a small amount of water withdrawn. Whether higher evaporation 
results from drier air, temperature Increase or increased rate of wind-
flow, the reactions will be similar for comparable rates of evaporation. 
Shelford stipulated the reaction to Increased evaporation to be a) 
stimulation of migrating animals, causing them to turn back, b) 
fatalistic result and c) modified rate of metabolism, fecundity, 
length of life, etc. Noting that at a particular relative humidity, 
the intensity of the humidity response of the woodllce Increased with 
temperature. Cloudsley-Thompson (1956) suggested that these animals 
respond to saturation deficiency, rather than to the relative humidity. 
He went further to suggest that humidity receptors in insects, function, 
not as an evaporimeter, but hygroscopically. Whatever the mode of 
function, the reaction toward the environment could be expected to 
show the features discussed by Shelford (1914). 
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In the European com borer, Vance (1949) found the number of 
fertile eggs to be Inversely related to the percent loss of Initial 
weight. Under laboratory conditions, the water content of the female 
moth is 50.7% of Its live weight. Schurr and Holdaway (1966) obtained 
similar results In the ovlposltlon of this Insect, either under 
controlled laboratory conditions, or when exposed to the fluctuations 
of their natural environment, Klra et (1969) found that the 
fertility of the female moth was affected by moisture. Their data 
dramatically show that where the air in the cages could be kept moist 
at all times average eggs per female increased by as much as 10-20 times. 
In the treatment where the moths were sprayed twice dally, the Increase 
was only three times that of the checks. Stlrret's (1938) 10-year study 
in Ontario (Canada), showed no relationship between flight and humidity, 
although 38% of the moths were seen flying when the saturation deficiency 
was less than 2mm; and 89% when it was less than 6mm. Moreover, 
humidity was not found to be a controlling factor on the time of flight. 
The ovlposltlon of this Insect, however, was observed to increase after 
rain, or a thunderstorm (Schurr and Holdaway, 1966). 
Perttunen (1952) conducted an interesting experiment with the 
common earwig, Forficula aurlcularla. Several alternate chambers were 
arranged to have 100% - 34%, 100% - 97%, 100% - 99.5%, 97% - 87%, 
77% - 34% or 34% - 20% relative humidity. These chambers were located 
on two sides of the chamber containing the test insects. When the 
experiments were conducted in summer, specimens taken either from very ' 
dry environments, or from environments kept moist more weeks, showed 
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a preference for the drier side of the chamber. However, when the 
experiments were conducted in winter, the earwigs, showed a different 
reaction, depending on whether or not they were desiccated. Perttunen 
suggested that the positive reactions toward humidity in winter is an 
adaptation to the environment of the burrows into \diich the earwigs 
bury themselves in the fall. The reaction exhibited in the summer is 
self-explanatory. Thus, to avoid the cold winter, the earwig buried 
itself, and in so doing has to adapt to the moist environment of the 
burrows. The potato beetle (Breitenbrecker, 1918) buries itself also, 
not to evade adverse temperature, but to avoid adverse humidity 
conditions. 
Wind and Atmospheric Pressure 
Huber, Neiswander and Slater (1928), in their study of the corn 
borer and its environment, disagreed with the view that the moths can 
fly against a slight breeze. They also suggested that the direction 
of flight might be influenced by physiological processes within the 
moths. The moths will fly with the wind when it reaches an appreciable 
velocity. Caffrey and Worthley (1927) reported that moths usually fly 
with the wind. Moths released in open country, were later found up to 
500 miles from the release point. In another experiment, Caffrey and 
Worthley released moths on a beach devoid of shelter for about 200 yards. 
The largest distance a moth flew was 300 yards. In his laboratory study, 
Loughner (1970) found mating to be completely inhibited by a constant 
wind speed of 10.3 mph. Light trap catches, however, were little affected 
by wind speed (Oloumi-Sadeghi, 1973). 
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On the other hand, in a 4-year study of all insects caught in a 
light trap, Williams (1940) found that the catch was negatively 
correlated to wind speed. Williams method however was disputed by 
Johnson (1954) who contended that the difference in successive hourly 
ca.tches is not related to variations in the wind speed, as should be 
expected, if these catches are to reflect changes in flight behavior. 
Johnson pointed out that differences in successive log catches, or 
deviations from a running mean, will reflect either population or 
behavioral changes, which ever makes the greater contribution to 
changes in the catch. Johnson found that over three fourth of the 
catches were made \Aien the wind speed was over 3 mph, and over 50% 
were made at speeds over 5 mph. 
Taylor (1960) found that aphids show a density gradient up to a 
height of 20 or 25 feet in still air. However, a generally regular 
density profile is obtained with wind above their flight speed (see 
also Johnson, 1954). Taylor exempted larger insects, such as moths, 
from this behavioral feature, since they are considered as able to 
select their particular heights of flight. Com borers were reported 
to have been observed flying at heights of 30 to 40 feet, although 
Huber et al. (1928) have observed none on top of the building they used 
for their study. Results from his laboratory study prompted Barber (1925) 
to suggest that strong wind may not only destroy adults but also prevent 
moths from depositing their normal number of eggs. Huber e^ al. (1928), 
however, discounted results from laboratory experiments on the basis 
that under natural conditions, wind speed is never constant but varies 
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between lulls and gusts. 
Little Is known on the effect of atmospheric pressure on Insects 
and their activity, except for a study by Haufe (1954). Working with 
cameras to record the activity in a pressure chamber, this author 
found no difference in the flight activity of mosquitoes at static 
pressures between 733 mb and 1067 mb. At a pressure beyond 980 mb 
however, a moderate decrease in pressure caused activity to increase 
by 1.5 to 2.4 times. 
The insect's reaction to storm phenomena was studied by Parman 
(1920). Using flies in laboratory cages under natural surroundings, 
Parman noted that the flies became restless with the approach of a 
storm. The closer the storm center, the more restless they became and 
most were seen to congregate in protected places. Most of the flies in 
the cages were found dead after the storm, and a great number of those 
that were observed earlier on window sills, disappeared. Effect of 
barometric depressions was also noted on several species. Flitters 
(1963) observed unusual activity of the stable fly, the house fly, the 
Mexican fruit fly, the yellow fever mosquito and two cockroach species, 
to take place during a depression. The mosquito is reported to display 
an insatiable appetite and the stable fly aggressiveness. Expression of 
the effect differs between the insect species, although the level of 
activity Indicates restlessness in all of them. After return to normal 
pressure, the abnormal phenonena abated and In spite of a 17 mb dip 
(1009 - 992 mb), no positive coma was observed. Flitter's (1963) 
discounted the effects of temperature and relative humidity, since both 
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were considered controlled. 
The reactions of Insects to slight changes of pressure may 
suggest that changes In the Insect metabolism could be produced by 
effects of pressure alone. Wellington (1946) however, concluded that 
pressure extremes do not produce any adverse physiological changes In 
Insects that can be directly attributed to the effect of pressure per 
se. He cited, for Instance, the view which maintains that the Increased 
activity of Insects on the eve of a storm Is the effect of the con­
centration of Insects due to their being swept toward the center of 
the low. Farman's (1920) and Flitters' (1963) observations, however, 
did show that Insects' physiology and behavior were affected by steep 
changes of pressure. Shelford (1914) suggested that decrease In 
pressure would Increase evaporation. Together with Cloudsley-
Thompson' s (1956, 1967) theory, based on observations on woodllce, 
this may explain the behavioral change on the eve of a pressure 
depression, and the resulting death afterward. 
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EXPERIMENTAL PROCEDURES 
Material and Methods 
Since the discovery of the release of the sexual pheromone by 
adult female moths, females have been used to study the Insect behavior 
(Batiste et al., 1973 a, b and McLaughlin et ajL., 1973). For this study the 
same principles were employed, but with some modification (Olouml-Sadeghl, 
1973; and Showers et al^., 1974). Material gathered from three different 
geographical regions, I.e., Stevens County (Minnesota), Boone County 
(Iowa) and Tift County (Georgia) were obtained In the winter of 1972 
and 1973. The over-wintering borers were held In diapause at the 
European Com Borer Laboratory, Ankeny, lowa^ and were exposed to 
26.7°C and ca. 80% RH to break diapause In the spring. Emerging moths 
were used as parental stock for subsequent use, and were reared 
according to procedures described by Guthrie fd. (1965), Lewis and 
Lynch (1969) and Reed e|t al. (1972). Rings containing the pupae of each 
g e o g r a p h i c a l  s t r a i n  w e r e  p u t  s e p a r a t e l y  I n  w i r e d  c a g e s  m e a s u r i n g  2 x 1 x 1  
meters in an emergence bunker \^lch was maintained at 26.7°C, 80% RH and 
was continuously lighted for 24-hours to prevent mating after emergence. 
Moths to be used were drawn out with a suction device (Loughner, 1970) 
and chilled for 3-5 minutes at 4.4°C to ease handling in separation of 
the sexes. This also aided in isolating them Into their assigned 
display cages (Figure 1). To keep track of the male sexual activity, 
in case the female sex pheromone emission is fluctuating, synthetic 
pheromone was added as a bait. This substance was spread on filter 
Figure 1. The baited trap at an experimental site in August, 1973 
Figure 2. The wired cages used to study the strains' sexual behavior 




paper cones, or Injected into a rubber septa (Oloumi-Sadeghi, 1973). 
The display cages and the synthetic pheromone cones or septa were 
fitted to 1 X 10 cm redlbolts, screwed to a fixed nut at the center of 
a 47-cm diameter galvanized pan. The pan. In turn, was nailed to the 
top of a 10 X 10 cm wooden post, about 1 meter high (from the soil 
surface. Figure 1). The 10 cm high pans were half filled with a 
mixture of 25 ml wetting agent and 19 liters of water. 
For the field experiment, 3 females per strain were placed In 
each display cage. The pheromone used In 1972, was 14^g z-lsomer 
mixed with 0.7 ml olive oil acetone (Klun and Robinson, 1971) and 
plpeted onto Whatman no. 1 filter paper formed into a cone. In 1973 
the mixture of 100:4 g Z-E isomers (Klun et al., 1973) was injected 
into the rubber septa. 
For the two other experiments, use was made of 56 x 28 x 28 cm 
wired cages, one side of which had an opening 10 cm in diameter. 
Fifteen chilled males per strain were placed in one cage, with the 
opening facing up. Ten females in another cage, were placed on top 
of the first, with the opening facing down. The two cages were tied 
together to prevent them being blown apart in the field (Figure 2). 
The sexes were kept separated during the entraining period by two 
rubber mats, placed between the cages. At both ends, masking tapes 
were used for additional support, and to prevent the moths from 
escaping when the mats were removed. 
For the first experiment, both the female and the synthetic 
pheromone were used for 3 consecutive nights, after which they were 
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discarded and replaced with fresh females and lure. For the two last 
experiments, the moths were used once, i.e., they were discarded after 
they were allowed to mix for mating, and Inspected for the presence of 
spermatophores. 
Design of the Experiments 
For the study of the sexual activity of the European com borer 
in 1972, the traps were arranged in a randomized block with five 
replications (locations). For the spring flight, each block contained 
the Minnesota, Iowa and Georgia bait females, a pheromone bait and a 
check trap (a pan with the water mixture alone). For the summer flight, 
the pheromone baited traps were taken out, because their presence was 
thought to delete further the already small feral population, evidenced 
from preceding light trap catches. Because observations were taken 
hourly for several hours over several nights, the data were analyzed 
statistically as a split-split plot arrangement (Cox, 1971). 
For the same study in 1973, the traps were arranged in a balanced 
lattice design (Yates, 1940) to overcome any possible locations by 
strains interaction (Showers et al.,1974) which might conceal the 
real activity of any of the three strains. To further reduce the 
possibility of this Interaction, the placement of the strains was 
randmnized nightly.^ Each location consisted of two blocks, each 
block containing K = 2 traps. For balance, the locations (replicates) 
were held to K + 1, i.e., three locations. For the analysis, the 
^Dr. D. Cox, Personal coraminlcatlon. 
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Table 2. Efficiency index of the balanced lattice arrangement 
(compared to a randomized block design) 
Night Spring 1973 flight Simmer 1973 flight 
1 108% 100% 
2 108 133 
3 100 122 
4 110 131 
5 ——— 100 
6 105 101 
7 258 100 
8 100 100 
9 — —  100 
10 205 
11 — — —  100 
12 ——" 203 
13 —  — —  100 
14 100 
Average 127% 121% 
arrangement was treated as a randomized block with four treatments 
replicated three times. The efficiency of the lattice arrangement, as 
presented in Table 2, is not too convincing, with respect to the 
complications when the time factor is considered. To aid monitoring 
feral male sexual activities, three synthetic pheromone traps, to 
match the replicates of each strain, were located away from the blocks 
and the synthetic pheromone traps were between 50 and 100 meters. 
During the summer flight, the distances were between 20 and 25 meters. 
In July of 1973 an experiment was conducted to study the effect of 
low light level under field conditions on mating behavior. For this 
purpose, a group of cages were shaded, using a 2 x 2 meters triplex 
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sheet, while another group of cages were left open. Only Iowa adults 
were used for this study. 
Another experiment to study the mating habit of the three geo­
graphical strains was also conducted in July, 1973. Male and female 
of the three strains made up the treatments. As with the study on 
the effect of low light level, the treatments in this experiment were 
arranged as randomized blocks. 
Description of the Sites Used for Trapping 
For the spring flight of 1972, the replications were laid out 
alongside an oat field which was planted in the first week of April. 
This field has a slope of about 4® to the SSW (Figure 3). A hard-top 
road running E-W formed the northern boundary of the oat field, while 
two service roads (N-S) divide the field into three almost equal parts. 
The most western field was really two smaller areas, since a shallow 
ditch running about three-fourths of the length of the area, left a 
lane 3-4 meters wide. During the period of observation, this lane 
was covered with short grass. To the south of the oat field, parallel 
with the above division, there was from east to west, field com, 
sorghum and a small sweet com and soybean field, all planted in late 
May of 1972. To the west of the oat field, there was an abandoned 
area of 20 x 30 meters, lAich, at that time, was also covered with 
short grass. 
The summer flight study in 1972 took place on the field to the 
north of the previously mentioned road (Figure 4). Field com was 
Figure 3. The oatfield used for the study of feral males' sexual activity during the spring flight 
of 1972. Location 1 is in the background while location 5 is in the foreground 
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planted on May 22, 1972, in several strips in the north south direction, 
separated by unplanted lanes about 2-2.5 meters wide. Except for half 
of replication 1 and all of replication 5, the traps were placed on a 
N-S axis in one of the lanes in which the ground was primarily covered 
with foxtail (Setaria spp.). The lane occupied by the traps of 
replication 2, was covered with an even mixture of foxtail and some 
broad leaf plants. On the SW corner of this field there is a brick 
house surrounded by a 15 x 25 meter area of well-kept lawn. A water 
culvert under the hard top road opens at the southern side of the road 
onto a shallow ditch. 
The traps used during this flight were placed 22.5 meters apart, 
while the distance between the replications was between 30 and 35 
meters. For the spring flight, these distances were 27 and 41 meters, 
respectively. 
In 1973, the experimental site was located to the north of the 
laboratory in a field divided almost equally by a creek running N-S. 
Com, planted in early May, occupied the northern three fifths of the 
area, while soybeans were planted in early June in the remaining two 
fifths of the field west of the creek. On the east side, there were 
concrete bunkers surrounded by a regularly mowed (for hay) grass field 
to the south. Field corn, planted on June 9-10, occupied the northern 
portion of the field and extended well beyond the northern tip of the 
creek (Figure 4). For the spring flight, two replications were placed 
on the eastern bank of the creek, which at that time was covered with 
tall grass (mostly barn yard, Echinochloa crusgalli). The third 
Figure 4. The experimental sites and the locations (replications) used 
for the study. The block arrangements for the 1972 season 
are also given. 
A - site for the 1972 spring flight 
B - site for the 1972 summer flight 
C - site for the 1973 spring flight 
D - site for the 1973 summer flight 
V//A brick building 
ZZZ creek 
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replication was placed alongside another creek running W-E, to the 
east of the laboratory (Figure 4). This creek was covered with 
cattails (Typha angustifolia), To the north, there was a regularly 
mowed grass plot running upslope to a road leading to the laboratory 
building. 
The traps for the summer flight were all placed on the west side 
of the creek (Figure 4), which in August was covered with foxtail, and 
kept short through regular mowing, except for a strip about 1 meter 
wide around the com plots. Distance between traps was 15 meters, 
between blocks 20 meters and between replications 30 meters. During 
the spring flight, these distances were 30, 40 and 50 meters, respectively. 
Biological Obseirvations 
The field experiments were conducted between June 13-26 for the 
spring flights. For the summer flights It was between August 7-31, 
in 1972, and between August 10-26, in 1973. Initiation of the experiment 
was synchronized with the feral female sexual activity, i.e., after the 
peak of unmated gravid female catch in the light trap. In 1972, 
observations began at 20:00 and ended after the 24:00 observation. 
In 1973, the hourly observations began at 20:00 and ended with the 
observations of 03:00 CST, except on nights v^en thunderstorms lasted 
for several hours, or when the temperature very early dropped to below 
15°C. The catch after the regular hourly observation was recorded the 
following day. Each hourly observation took about 45-50 minutes. 
Observations on the sexual activity in the field consisted of 
1) the number of moths in flight, and 2) the number of male moths 
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caught In each trap. The number in flight was obtained by counting 
the moths which were flying within eye sight. Obviously, this has 
limitations compared to the technique used by Huber et al. (1928), 
since eye vision would be limited by illumination level in the field. 
In the 1973 season, use was made of a flash light to better distinguish 
the insect under low illumination. The moths in the traps that were 
counted, were the European com borer moths and the red and oblique 
banded leaf rollers (Argyrotaenia velutinaua. Walker, and Choristoneura 
rosaceaua. Harris). The moths were removed hourly. 
Observations in the studies of mating behavior under low 
illumination level as well as in the experiment with the geographical 
strains, consisted of 1) the number of males that moved to the upper 
cage or the number of females \^ich moved to the lower cage, 2) the 
number of pairs v^ich were found in copulation and 3) the number of 
females with a spermatophore. This last observation was conducted 
the next morning, after the moths had been immobilized by chilling 
in a 4.4°C walk-in incubator. Successful mating is detected by the 
presence of an unspent spermatophore. Such a spermatophore looks 
greenish yellow, and feels soft when rubbed. These could easily be 
distinguished from a half-spent or spent spermatophore. 
Meteorological Observations 
In the 1972 flight season, emphasis was given only to temperature 
and atmospheric moisture conditions of the environment. Wind speed 
and direction readings were obtained from a standard Belfort cup 
anemometer located on the top of the laboratory building, 3 meters 
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above the flat roof top. No reliable illumination measurement or 
estimates were attempted during both flights in 1972. 
Hourly temperature and humidity readings in the field in 1973, 
were still taken with the same instrument used in 1972 (Psychron, 
manufactured by Belfort Inc.). However, the observations were slightly 
more elaborate. Whereas in 1972, readings were obtained only near the 
ground, approximately at the short (cut) grass canopy level, in 1973, 
an additional level, at the tall grass canopy, was included. During 
the 1973 spring flight, temperature and humidity were measured at two 
points, at the creek bank and on the creek bottom. In addition, in 
1973, wind flow was recorded with a wind speed meter (Keufel & Esser 
Co. New York) v^ich has a start-stop control. To increase its 
sensitivity, the meter was turned until its axis was parallel to the 
wind flow. The speed was read in feet/60 seconds and was later con­
verted into mph. Â check reading was taken with the cup anemometer, 
where also the general direction of flow was obtained. Temperature and 
humidity readings were also recorded. In 1973, relative illumination 
level was estimated with a chart device, as shown in Figure 5. 
Obviously, this device by itself is subject to unconscious eye 
accommodation under contrasting illumination and would render any 
estimate unreliable. In the 1973 summer flight, a more reliable 
technique was introduced. Kodak Tri-X Pan film (ASA 400 was exposed 
for 30 seconds^ with a fixed diaphragm, and at a fixed distance from a 
^Proper exposure was arrived at after visually selecting 18 
developed negatives exposed in increments of one from 1 to 5 seconds 
and in increments of 5 seconds thereafter (Charles Deutsch, personal 
communication). 
Figure 5. Chart device for estimating illumination level in the field. An integer card reading was 
obtained when all the letters of one line could be read, but the horizontal lines associ­
ated with the next smallest letters could not be seen. A fraction card reading was 
obtained when only the horizontal lines could be seen (1/4 card), both horizontal and 
vertical lines of letters, but letters not discernible (1/2 card) and when some letters in 
line could be read (3/4 card) 
DJELAS INI BISA BU 
KAN DAN INI TENTU MASIH DJUGA SE 
KARAN6 MASIH ATAU SUDAN SUI T DJANGAN PAKSA 
MATA BATJA INI BiSA RUSAK NANTI ALAT PEMBATJAANMU HATIHATI 
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white painted vertical plane. After the films were developed, the 
percentage of light transmitted through the negatives was measured 
with a densitometer (Welch Densichron, model 451.34). Figure 6 gives 
the correlation between the chart reading and the film exposure. The 
relation provides correction for the chart reading, which, is used 
here as an estimate of the illumination level. 
Sane additional observations were taken using the psychron during 
the 1973 spring flight on a non-routinie basis during the day time. 
During both summer flights, temperature recordings were periodically 
taken with a Brown, 16-point recorder. The 1973 summer data were 
however not included in the discussion. 
Figure 6. Relation between card reading and transmission through film 
negatives 










RESULTS AND DISCUSSION 
The Sexual Behavior of 3 Geographical Strains 
The purpose of this part of the study was to see whether the 
Minnesota, Iowa and Georgia strains behave similarly if exposed to 
the same environmental conditions. The observations are summarized 
in Table 1.1, and the analyses in Table 1.2 through 1.4 of Appendix 1. 
The flight activity, as indicated by the number of male moths 
found in the upper cages at the hour of observation, was restricted to 
the first 2 hours after the rubber mats had been removed. Very few 
additional moths could be detected after 22:30 CST.^ Also during the 
period of this study, only one female moth had been found in the lower 
cage. This would confirm the belief (Shorey and Gaston, 1964) that it 
is the male that is active in mate seeking. Within this short period 
of flight activity, however, the increase from hour one to the next was 
significant. The total number of male moths that could be found in the 
upper cages, indicates that greatest flight activity occurred during 
the first 2 hours. With respect to this stage in the sequence of sexual 
related activities, there was no numerical difference between the 
ecotypes. There is also an indication that the flight was not affected 
by environmental influences, since no difference in S*H or S*N inter­
actions could be detected. In spite of the fact that no difference 
could be detected between the biotypes, nor any of its interaction. 
Table 3 is given for later reference. 
^Time of day referred henceforth, will be Central Standard Time 
(CST) unless otherwise stated. 
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Table 3. Number of male moths found in the upper cages in the first 
2 hours after removal of the rubber mats (averaged over 
replicates) 
Hour 
Night 1 Night 2 Night 3 
Minn la 6a Minn la Ga Minn la Ga 
1 1.06 2.09 2.58 2.18 2.17 3.24 1.56 2.96 4.78 
2 2.02 2.39 2.90 3.17 2.96 4.94 1.56 4.16 5.59 
The number that was found in copulation differs from one strain to 
the other. Notably, the Iowa strain differs from the Minnesota and 
Georgia strains. With the abatement of flight activity, the number 
that became engaged in copulation increased dramatically until 00:30, 
after which no additional copulation was initiated. The increase in 
the number of pairs found in copulation from hour to hour differs 
between the biotypes. The Iowa strain responded better to changes 
than did the two others (Figure 7). This is also revealed in the effect 
of the different nights and in the interaction with the strains 
(Figure 8). In both figures, the level of response seems to decrease 
from Iowa to Georgia to Minnesota. It should be noted from Figure 7 
that the Minnesota and Iowa strains began mating at 22:30, 2 hours 
after they were allowed to mingle. The Georgia strain, which moved 
into the upper cage in a greater, although insignificant number (Table 3) 
in the same period, began to mate at 23:30. The response was such that 
I 
more pâlrâ wf uhls sCrslu vere fcund 1= ccpulaticn in the hcur 
(00:30) compared to the Minnesota strain. One should also note the 
Figure 7. Hourly number of pairs found in 
copulation 
Figure 8. Nightly number of male 
moths which were found in 
the upper cages and the 
number which mated 
Mean number of pairs found In copulation 
cn o <xi 
3> 
Mean number of pairs found in copulation 
171 O tn 
mean number found in the upper cage 
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difference in the mating activity between the first and second nights 
(Figure 8). The most interesting thing is, that while the mating 
activity of the Minnesota and Georgia strains was increased, that 
of the Iowa strain decreased sharply. Since the number of males 
which moved into the upper cage was about the same as on the first 
night, the decrease in the mating activity of the Iowa moths should 
be ascribed to a lower sexual activity on the second night. Another 
point worth noting in Figure 8 is, that, only a small fraction of the 
moths lAlch had moved into the upper cages were later Involved in 
mating. It is not possible here to determine whether this is due to 
a lack of interest on the part of the males, of the females, or of 
both. On two different occasions in this study, a male moth was seen 
trying to engage a female which was in copulation with another male. 
On one of these occasions, only three of the nine males that moved up 
were engaged, while in the other only one of five was engaged. On the 
other hand, females might also be calling (abdomen up between the wings 
and pumping) without getting a response. This was observed on the 3rd 
night for one Minnesota female. No male moths moved into the upper 
cage until 00:30 that night, and of the two males present, one was 
already engaged at that time. 
No difference could be detected in the result of these mating 
activities, either between the strains or between the nights. Probably 
this is due to the small numbers involved in the mating from each 
blotyne or for each night (Table 4). 
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Table 4. Number of females with spermatophores (averaged over 
replicates) 
Biotypes Night 1 Night 2 Night 3 
Minnesota 1,04 0.77 1.06 
Iowa 1.72 0.79 1.33 
Georgia 1.15 0.95 1.33 
On the first night, the temperature dropped from 23.3° at 20:30 to 
20.6 C at 01:30. A small inversion (0.5°) existed from time to time 
between the ground surface and the top of the upper cage. Relative 
humidity was 817. to 22:30, but dropped there after and remained at 
72% through the end of the period. Illumination level remained 
constant throughout the night at % card reading. There was a light 
shower of very brief duration at 21:30. The third night was charac­
terized by a temperature drop from 22.5° to 20.3°C with a constant 
difference of 0+5° between the bottom and the top readings. Relative 
humidity Increased to 95% during the first 3 hours then to 100% for 
the remaining hours. Illumination level varied between % and 1 card 
reading in the upper cages while in the lower cages, it varied between 
0 and 3/4 card reading. The second night differed in two aspects from 
the two other nights. First, the temperature dropped only 0.6°C from the 
initial 21.7°C, and no surface Inversion was observed throughout the 
whole period. Second, a ground fog formed well before 20:30 and 
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continued until morning. Relative humidity and illumination level 
were similar to that of Night 3. 
Examination of thermogram data taken in a shelter on the farm 
revealed that on the first night, at 20:30, the temperature had dropped 
2.8°C from the higjh of 26.1°. The second and the third nights were 
preceded by cooler days, with highest temperature readings of 19.5 
and 20.0°C, respectively. Daytime relative humidity was lower on the 
first than on the second night while 100% RH prevailed throughout the 
day before the third night. The only difference between the second and 
the two other nights, would be the environmental conditions occurring 
at nigjht. Why only the Iowa strain was affected, will be explained 
later. 
Effect of Low Illumination Level on Sexual Activities 
This experiment was designed to determine \rtiether illumination 
level below % card reading would have a limiting effect on the insects 
mating behavior, and which stage in the sequence of the sexual related 
activities is affected by it. The data are summarized in Table 2.1 and 
the analyses of variance in Tables 2.2 - 2.4 of Appendix 2. 
No significant differences due to illumination level could be 
detected in the flight activity, in the mating or in the number of 
female with a spermatophore. The flight of the moths, however, 
appeared to be affected by the illumination level occurring during a 
night, as shown in Figure 9. The difference between Night 1 and Night 3 
is significant at the 5% level of probability. Since flight activity 
Figure! 9. Number of males found in the Figure 10. 
upper cages each night in the 
study of the effect of low 
illumination on sexual activity 
Hourly illumination level, in the 
open and under the shade, on the four 
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was observed during the first 2 hours only, our discussion Is restricted 
to those 2 hours (Figure 10). 
Fran Figures 9 and 10, It appears that the illumination during the 
first two hours was the decisive level affecting flight activity for 
Nights 1, 3 and 4. More revealing, however, was Night 2 where both 
treatments experienced constant low illumination level throughout the 
night. The number of moths found in the upper cages (Figure 9) was low 
for both treatments, even though a card reading of % was obtained for 
the moths in the open. The resulting movement of the male moths on 
Nights 3 and 4, under the illumination level during the first 2 hours 
on those nights, suggests that an Increase in the illumination level 
approaching % card value would result In a positive response in flight 
activity. Hie % card value would probably correspond to the lowest 
level used in Lou^ner (1970) study, i.e., 0.02 foot candle. 
The trend in the mating activity (pairs found in copulation. 
Figure 11) seems to indicate that short range visual orientation 
(Shorey and Gaston, 1970) could be inhibited by low illumination level. 
The same could not be said for the success of mating (number of females 
with spermatophore), because this is more likely to be related to the 
physiological or biological state of the moths. 
Figure 12 shows that mating activity began Immediately after the 
sexes were allowed to mingle and Increased rapidly thereafter. This 
figure shows that sexual activity decreased sharply after 00:30 (see 
also Figure 7). thus confirming the implied contention of Ruber et al. 
(1928) that sexual activity is confined to the period before midnight. 
Figure: 11. Nightly number of male moths 
found in the upper cages, 
number of pairs mating, and 
the number of females with 
spermatophore in the illumi­
nation level study (no 
observation on the number of 
female with spermatophore was 
done on night 4). 
Figure 12. Change in number of pairs 
found in copulation with time 
after the rubber mats were 
removed 
1 
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It should be mentioned that these caged moths were provided with 
drinking water at 20:30 (sprayed on cloth. Figure 2), therefore, they 
might behave differently than feral moths. 
Female Moth Calling Behavior 
The purpose of this part of the study was to determine what factors 
govern the sexual activity of the female moths and whether these factors 
are critical In setting the limits beyond \^lch the sexual activity 
would cease. 
It should be kept in mind that the caged females In this experiment 
were supplied with drinking water, and kept In cages In the vicinity of 
water. They were therefore exposed to an environment lAlch is, during 
the daytime, probably not as harsh as for those under natural conditions. 
The data for summer 1972 through sunmer 1973 are summarized in 
Appendix 3 in Tables 3.1 through 3.3 and the analyses in Tables 3.4 
through 3.6. Since the attraction of the male moths by the female of 
each biotype was small during the 1972 spring flight, that test has 
been deleted from this section. 
The analyses reveal that under central Iowa conditions, the 
geographical strains differed in their attraction of feral Iowa males, 
except In the spring of 1973, where catches by all traps were in­
variably lower than for the two summer flights. A better insight, 
however, is revealed by examination of Table 5. 
During the summer flights the female of each strain were actively 
calling, while in the spring of 1973 only the Minnesota and the lowa 
strains were active. The insignificant difference between the Georgia 
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Table 5. Average male moth attraction to the females of each strain 
and to the check traps during the study period (per hour, 
per night)* 
Female strain Summer 1972 Spring 1973 Summer 1973 
Check 0.034 b 0.014 c 0.024 c 
Minnesota 0.342 a 0.115 ab 0.294 b 
Iowa 0.273 a 0.142 a 0.444 a 
Georgia 0.301 a 0.052 be 0.295 b 
^Numbers followed by the same letter indicate no significant 
difference (F = 0.03) with other numbers in the same column. 
female attraction, and that of the check traps, suggests that either 
the catch by the traps baited with Georgia females was accidental (and 
not due to calling), or the calling was weak and therefore not as 
effective as the calling by the Minnesota and the Iowa females. The 
table also Indicates that the adaptlveness of a strain to its native 
environment is an important factor in the sexual behavior of the moths. 
Using the female indigenous to Iowa as a yard stick for the 
measurement of sexual activity, one could not but notice the variations 
in the attraction of the strains between the flight periods. The data 
suggest that while the general environmental conditions during the 
summer flight period of 1972 were equally favorable (or equally 
unfavorable) to all three strains, the weather during the summer flight 
period of 1973, was not as favorable for the Minnesota and Georgia 
strains as for the Iowa strain. On the other hand, che attraction of 
the strains during the spring flight (Table 5) suggests that the 
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conditions during that period would be between what was favored by the 
Iowa and the Minnesota females. Probably It was closer to the Iowa 
than to the Minnesota strain, since the trend In the sexual attractiveness 
decreased from Iowa to Minnesota to Georgia. 
The analyses further reveal that differences between the nights, 
and between the hours during the three flight periods were highly 
significant. The first difference may partly be attributed to a 
population change resulting from greater or smaller numbers of moths 
becoming flight worthy from one night to the other (Johnson, 1954) and 
partly to environmental conditions. The nightly average attractions 
are presented in Figures 13 Â, 14 A and 15 A. The 'least significant 
difference' (Isd .05) is also shown. The hourly differences (Figures 
13 B, 14 B and 15 B) are more difficult to Interpret since no data on 
eclosion are available. From Caffrey and Worthley's (1927) data on 
time lag between emergence and flight, and emergence and copulation, 
and from consideration of energy consumption necessary to become 
flight worthy (Parker, 1930), It can be assumed that moths freshly 
emerged after sunset would not be inclined to take flight. Hourly 
differences could therefore be attributed mainly to changes in response 
to the changing environmental conditions. 
No single peak can be distinguished In the hourly data in the 
spring of 1973 flight. There Is, however, a significant difference 
between the activity level before and after 22:00. This could 
probably be due to either a change in the activity level in the 
female or in that of the male, or in both. The decline in the activity 
Figure: 13. Attraction of male moths by the female on each night (A) and at each hour (B) during the 
summer flight period of 1972 
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Figure 14. Attraction of male moths by the female on each night (A) and at each hour (B) during the 
spring flight of 1973 
Average attraction of male moths {Vn+1/2) 























Figure; 15. Attraction of male moths by the female on some selected nights (A) and at each hour (B) 
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1% hours before sunrise must be associated with the decline in the 
activity level of the male com borer moths, since the catches of 
the 3 male moth species showed a constant, if not an upward trend, 
to well after 03:00. The possibility of the number of male moths 
being limiting, rather than a decrease in the activity level, should 
however, not be discounted. 
The hourly activity during the sumner flights exhibited a dif­
ferent pattern. First, there was a distinct peak, vAlch remarkably, 
in the two flights, occurred at 01:00. Second, female activity began 
soon after sunset and increased steadily until a peak of activity was 
reached. The recession after the peak could be ascribed to the 
decreasing level of attraction on the part of the female. However, 
inclusion of catches by pheromone baited traps (dashed line. Figure 
15 B) reveals a similar trend. This would indicate that the male, 
either through the number or through Its level of sexual activity, 
is partly responsible for the decline in attraction. 
The behavior of each strain over the nights and over the hours is 
shown in Figures 16 through 18. One fact stands out in these graphs. 
There were nights where only one, or two, of the female strains were 
favored. This suggests, since we are dealing now with competition 
between the female strains for the number of male moths available on 
those nights, that the environmental conditions were more favorable to 
one strain than the others on those nights (see for example Night 4 
in Sumner 1972, Night 2 in Spring and Night 12 in Summer 1973). On the 
other hand, there were nlgjhts where the conditions were favorable to all 
Figure 16. Nightly (A) and hourly (B) attraction of male 
the summer flight of 1972 
moths by each of the three strains, during 
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Figurci 17. Nightly (A) and hourly (B) attraction of male moths by each of the three strains during 
the spring flight of 1973 
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Figure 18. Nightly (A) and hourly (B) attraction of male moths by each of the three strains during 
the 1973 summer flight 
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three strains (Night 1 of Sunner 1972 and Spring 1973), and one night 
(Night 10 of Sxjmmer 1973) that was equally unfavorable for the three 
strains. It should also be noted that weather conditions were not 
always preferable for the indigenous Iowa female. Such nights are 
however very few. The hourly variation in the attraction of each 
strain (Figures 16 B, 17 B, and 18 B) shows a sharp drop in the 
attractiveness of the Minnesota and Georgia female, after a surge 
to a peak, during the summer flight of 1972. This drop could not 
entirely be attributed to a decrease In the activity level of both 
strains, but also to a change in the number of male moths available. 
Figure 16 B shows an interesting relationship between time of peak 
occurrence and the number of males available. This, perhaps, is the 
best explanation for the average attraction of the female strains 
during the summer of 1972 (Table 5). Post peak attraction in the 
spring and summer 1973 did not drop as sharply as during the flight 
period just discussed. 
The number of male moths caught in the check traps was usually 
insignificant. This indicates that the number that flew accidentally 
into any trap, can generally be ignored. Exceptions however should be 
made for such nights as Night 3 in the summer of 1972 flight and 
Night 2 of the Spring 1973 fli^t, where appreciable numbers were 
caught in the check traps. Catches in the check traps on these 
nights can not be characterized as accidental, but are due to some 
response on the part of the male borers, perhaps for the same reasons 
suggested by Oloumi-Sadeghi (1973). The same response might also 
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result in the significant catch at 22:00 by the check traps during the 
Spring 1973 flight. The importance of the location of the traps is 
shown in Figure 16 A and B. Locations by strains interaction con­
tributed appreciably to the total variation (F = 0.20) in the 
Summer 1972 flight. Figure 19 A shows that each of the three strains 
was favored over the other in some locations. Similar results led 
Showers et al. (1974) to believe that placement of a trap containing 
females of a certain strain In the vicinity of an aggregation of 
feral moths would favor that particular strain over the other strains. 
The selective favorableness became evident in the slightly different 
average number of feral moths attracted by each strain (Table 5). 
Location 1 had the highest concentration of feral moths. The 
Minnesota females, which might have been closer to the aggregation 
at this location, had the advantage over the other strains, and 
therefore attracted slightly more during this period of the experiment. 
In Location 2, there was a slightly lower concentration of feral moths 
than in Location 4 or 1. The Iowa female had probably been placed 
closer to the aggregation point in this location (see Figure 4 for 
reference to the placements of the strains). 
Another possible explanation is that the microclimatic features 
varied in such a way that one strain was stimulated more than the 
others in a particular location. However, weather varies more or 
less randomly from day to day and may cause the closely related 
microclimatic conditions in a location to be favorable to the female 
of one strain on one night and to another strain the next night. This 
Figure; 19. Attraction by each female strain at each of the locations in the 1972 summer flight (A) 
and average hourly catch at different locations in the 1973 summer flight (B) 
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would flatten out large differences between the strains in any location 
and eliminate sharp contrasts, as shown in Figure 19 Â. If, on the 
other hand, a certain weather type favorable to a specific strain 
persisted for several days, then this type of arrangement would not 
enable us to identify the possible cause. 
To circumvent this difficulty, the balanced lattice arrangement 
was introduced in 1973 to provide an equal chance for every possible 
pair of strains to appear together once. The possibility of strains 
* locations interactions was reduced further with nightly randomization 
of the placement of the strains. If the cause was the closeness of a 
trap to an aggregation point, we could expect no strains * locations 
interaction during the 1973 season. The analysis shows that this 
interaction persisted during the 1973 spring flight. In fact, it 
appeared to be stronger (F < 0.05) than in the previous summer 
(P < 0.20). Daytime sampling for feral moths, conducted four times 
during this flight period, shows that there were shifts of aggregation 
points within the creek bed. This would support the idea of favoritism 
due to placement of the strains. Since the placement of the strains 
was randomized nightly, the shift of aggregation in any location must 
follow the changing placement of the favored strain of that particular 
location. Whether this took place is not known. 
The strains * locations Interactions ceased to be significant 
during the summer 1973 flight. Instead, the location by hour inter­
action became an important factor. Figure 19 B shows that for the 
greatest part, the difference between location 1 and the two other 
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locations, was responsible for this significance. The time of peak 
occurrence In the attraction of the females is Interesting, since it 
shows that the attraction by the females in location 1 reached a peak 
later than location 2 and 3. These data also show that the attraction 
by the female in location 1 was stronger than by the females in 
locations 2 and 3. This would suggest that a more favorable environ­
mental condition prevailed in location 1. It should be reported that 
the experimental site for this flight period was selected on the basis 
of a moth population sampling, in vrtiich it was found that more feral 
moths took cover in a small grass plot at the end of the creek (Figure 
4). Also more moths were seen in flight around this grass plot than 
at any other point. The small decrease in the attraction in locations 
2 and 3 and the sudden surge in the attraction In location 1 therefore, 
would suggest that the conditions after 24:00 in location 1 became 
more attractive to the moths in flight, or that the conditions in that 
location became more favorable for the female baits, such that they 
could attract the feral males away from location 2 and 3. 
Another problem to be settled is the validity of leaf roller 
catches as a complementary measure of the female sexual activity. In 
field studies the oblique banded-and the red banded leafrollers have 
been shown to respond to almost similar pheromone chemical composition 
(Klun and Robinson, 1972). 
Inclusion of the leafrollers during the 1973 spring flight, 
caused "ore of an Increase in the average hourly catch in the early 
morning hours than before 24:00 (Figure 14 B). The record shows that 
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during the summer flight, both leafroller species were more active 
before, than after, 24:00. Peaking of the leafroller catches, 
however, occurred either before sunrise or after sunset. For the 
rest of the night catches of the leafrollers were insignificant, 
contributing very little to the total catch. Â more detailed picture 
is presented in Figure 20 for each of the strains for one night in 
August 1973. The impression given by this figure is that the 
attraction of males of the leafroller species occurred earlier than 
the attraction of the male com borer. With the beginning of the 
attraction of the male com borer, attraction of the leafrollers 
subsided. The decreased attraction of leafrollers, and the increased 
attraction of the male com borer to the female baits, might be due to 
changes in the available number of sexually active males of the species. 
The behavior of the Georgia female iS interesting in that it was 
interrupted for 3 hours. This suggests that either the Georgia 
female stopped emitting pheromone or the pheromone emitted by the 
Georgia female was to weak to compete against the two other female 
strains. With the advance of the night the Georgia female could 
increase its attraction. This indicates that the changing environmental 
conditions associated with the advance of the night, could stimulate 
the female to be more attractive. 
Feral Moths Flight 
This part of the study was intended to observe the flight behavior 
of the feral European com borer moths, and how this flight related to 
Figure 20. Attraction of the leaf rollers (dashed-line) and the corn borer males (solid lines) by 
each of three female strains on the night of August 16-17, 1973 (ordinate: average 
attraction of male moths) 
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their sexual activity, as revealed by the baited trap catches. The 
number of moths observed in flight is summarized in Table 4.1 and 
the analyses presented in Tables 4.2 and 4.3 of Appendix 4. Obser­
vations on the number of moths in flight was begun in the 1972 summer. 
Since very few moths were observed at the experimental site during the 
1972 season, only the 1973 data were submitted to analyses. 
The nightly data (Figure 21 A) show that the number in flight 
decreases toward the end of the spring flight period. One noticeable 
thing shown by this graph is that the number observed in flight was 
often fewer than the number caught in the traps. This could be 
explained by the fact that the flight in any location was observed 
only for about 10 minutes, lAile the trapping occurred over the entire 
60 minute period. Assuming that the flight continued at about the 
same level as observed during the 10 minute period, there were actually 
more moths flying over the 60 minute period. Under a high feral moth 
population level, such as during the 1973 summer flight (Figure 22) 
this relationship would probably not be repeated. 
Figure 21 A and Figure 22 show that the general trend in the 
variations in the flight and sexual activity were similar. This sug­
gests that the greatest fraction of moths which took to flight nightly 
was sexually motivated. The fraction, however, was smaller during the 
1973 summer flight than in the previous spring flight, particularly 
during the last days of the summer 1973 flight. Examination of light 
trap data on these nights reveals that very few female moths were 
present, which means that most of the moths observed in flight, were 
Figura 21. Variation between the nights (A) and the hourly fluctuations (B) of the number of feral 
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male moths. The fact that not all of those in flight could be captured, 
must be within the moths themselves, i.e., whether or not they were 
sexually active and could be attracted. 
What has been discussed earlier about the number in flight and 
attraction to the female is more clearly depicted in Figure 21 B. 
The dominant feature in this figure is the early peaking in the 
flight activity, followed by a gradual recession toward dawn; and 
the gradual Increase in the sexual activity toward a peak, probably 
between 01:00 and 02:00. The explanation given earlier for the 
discrepancy between number in flight and the number captured would 
not fit this figure lAlch suggests rather that although the number in 
flight was sexually motivated, it still was at a low level of sexual 
activity. The sexual activity level increased only after 22:00, 
perhaps because the environmental conditions turned more favorable 
for expression. That the moths could take to flight without being 
sexually active is suggested by Caffrey and Worthley's (1927) data. 
While observing the trap catches In June of 1972, moths were seen to 
begin flight activity at 20:00 over the short grass at the western end 
of the oatfield. In June of 1973, observations were made to see 
whether this flight activity was related to sexual activity. It was 
then found that 1) this flight began immediately after sunset and 
2) that short grass was in some manner involved in this flight, since 
on all five nights on \^lch this observation was conducted, moths were 
seen to fly from the barnyardrigrass in the creek, to the short grass 
between the creek and the concrete bunkers. On one occasion, three 
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moths were seen flying, one of which was a female. It was observed 
that although the three settled down close to each other on the short 
grass, no effort was made by the male moths to approach the female» 
More evidence on the apparent lack of sexual activity during the early 
hours after sunset, can be seen from Figure 21 B, where, on the average, 
no attraction to the baited traps occurred during at least the first 
hour after sunset. While this lack might be also on the part of the 
female baits, it certainly was on the part of the feral males, which 
were not attracted to the continuously calling pheromone source. 
The hourly data for the summer flight period of 1973 (Figure 23) 
exhibit a different pattern than that of the spring flight. The 
almost complete absence of s^ual activity during the early evening 
hours is still present. However, the flight activity kept increasing 
until a peak was reached at about the same time as the peak of sexual 
activity. A faint trace of the spring pattern is undeniably present 
in both activities. A tremendous increase is seen during the first 
two hours after sunset in the flight activity. In the sexual activity 
such increase is seen to occur one hour later than during the spring 
flight. The almost parallel curves of both activities before the peaks 
suggest that the flight was sexually motivated; however, only part of it 
was sexually active. 
There is another possible explanation for the flight activity 
during the early evening hours. Hourly data over the nights show that 
there were isolated catches during the first hours after sunset. More 
interesting is the fact, that during the same period on these nights. 
Figure 23. Hourly fluctuation in the number of feral moths in flight 
and the number caught during the summer flight of 1973 
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one or two females, mostly of class 4,^ were caught in either of the 
traps. These females could not have been driven to the traps by the 
sexual attractant emitted by the pheromone sources. Possibly an 
unknown motivation, similar to that %Aich drove the females into the 
baited traps in Oloumi-Sadeghi's (1973) study, was the driving force. 
These phenomena were too few and too isolated to be submitted to a 
separate statistical analysis. 
The flight activity of the feral moth bears no resemblance to 
the flight activity to the light traps as found by Showers and Reed 
(1972). Flight to the light trap peaked at 21:00 in August of 1971, 
coinciding with the major peak found by Stewart and Lam (1969) for 
their light trap data. In the present experiment, the peak occurred 
at 01:00 simultanously with the peak activity. Fran these observations, 
it could be assumed that the flight into the light traps was for a 
different reason than the flight observed in the field, i.e., not for 
sexual purposes. The number cau^t in the light traps should therefore 
not be included in the consideration of the sexual activity relation­
ship to weather conditions. 
To determine lAiether the flight and the male sexual activity are 
related, the hourly male catches were regressed on the number in flight. 
2 
The result obtained for the spring flight (1973) shows an R -value of 
0.013 which was not significant. The relation for the summer flight 
was significant (P< 0.05), however, it was of not much Importance 
''Showers, W. B., G. L. Reed and H. Oloumi-Sadeghi. Relationship of 
egg mass deposit on com to mating status of the female European corn-
borer in light traps (submitted to the Journal of Economic Entomology) 
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2 (R = 0.043). This would support the belief that the moths In flight 
may not be sexually active and will probably become active only if 
the conditions are right. 
Feral Males Sexual Activity 
The main purpose of the whole study was to determine %hich 
environmental factors govern the sexual behavior of the com borer 
under natural conditions. The timing of the experimental periods was 
such that competition between the feral females and the female baits 
for the feral males, was reduced.^ Sexual activity of the feral male 
moths could therefore be expressed almost entirely through catches in 
the traps. Inferences on the feral female sexual activity can also be 
made through analogy with the feral male activity and through com­
parisons with the caged females. 
The average hourly feral male catch over the nights are presented 
in Tables 5.1 through 5.4 of Appendix 5, for each of the flight 
periods, respectively. Analyses of the results are given in Tables 5.5 
through 5.8 of Appendix 5. The next sections will discuss the 
general pattern of the sexual activity and some of its specific aspects, 
which are related to or affected by environmental conditions. 
The nightly data shown in Figures 24 A, 25 A and 26 clearly depict 
the general trend of the feral male's attraction to the baited traps. 
The diminishing trend toward the end of the spring flight In both 
years should be associated with the diminishing feral moth population. 
^Dr. W. B. Showers, Personalconmunlcatlon. 
Figur.î 24. Nightly (A) and hourly (B) variation in the number of males caught in the sprine and 
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Figure: 25. Nightly (A) and hourly (B) variation in the sexual activity of the feral males as meas­
ured by the catch in all traps and the male attraction to the bait females during the 
spring flight of 1973 
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Figure 26. Nightly variation in the sexual activity of feral males as 
measured by the catch in all traps and the male attraction 
to the bait females during the summer flight of 1973 
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The variation in the activity from night to night is partly due the 
variation in the favorableness of the environmental conditions and 
partly to variation in the population level. Jarvis and Brindley's 
(1965) study suggests that the variations in the population level 
are related to the variation in the daily effective temperature. 
The nightly variations in the sexual activity of the feral males 
could therefore be expected to be accounted for partly by the daily 
effective temperature. 
The upward trend at the end of the sunaner flight periods, could 
not be sufficiently explained by the effective temperature variations. 
Temperature during these periods did not depart significantly from the 
general temperature trend computed by Shaw et ( 1961), nor from the 
month's average, to bring about such a sudden and large change in the 
population level. What might possibly have happened was that the 
traps were the only pheromone emitting source remaining at this time 
for the surrounding area, and therefore were attracting the males from 
a more extensive area than in the previous days. Henneberry et al. 's 
data (1967) show that attraction of the cabbage looper, Trichoplusia 
ni. with the addition of a black light source, can go as far as 2 
miles. On the other hand, these authors found light traps alone, 
would not do as well. In this study, the light trap data during 
these last nights, show catches well below those of the baited traps. 
In the preceding days, catches in the light traps were comparable to 
the catches by the baited traps. 
The absence of this phenomenon during the spring flights could be 
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explained by the generally lower population prevailing In the spring. 
Any addition of feral males from an outlying area to the population 
In the experimental sites, would not change the number significantly. 
As Indicated in the chapter on experimental procedures, no 
synthetic pheromone traps were present during the summer flight of 
1972. Since the females were the only source of pheromone, they could 
hypothetically attract every feral male that was present. The 
attraction of male moths from a larger area made possible through the 
diminishing feral female population, resulted in larger number of 
males captured (Figure 24 A). This suggests that the female baits 
were at least as strongly attractive as before. During the 1973 
summer flight, however, the females had to compete with the synthetic 
pheromone traps. Figure 26 show that where before Night 10, the 
female attractiveness was comparable or better than the synthetic 
pheromone source, more feral males were attracted to the synthetic 
source after Night 10. It is possible that the synthetic pheromone 
source is more effective over a longer range than the female pheromone. 
Figures 22 and 23, however, show that on almost any night during this 
period, and at any time before the peak on a night, there were more 
moths in flight than had been attracted by all traps. This would 
suggest that besides what has been suggested earlier for the feral 
males, the female baits also were partly responsible. In other words, 
the female pheromone was not as effective as the synthetic pheronone. 
The weaker attraction could very possibly be due to a smaller 
concentration emitted or, to emission of a pheromone of a slightly 
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different composition than that preferred by the Iowa male. 
The 1972 hourly data (Figure 24 B) show two relevant points. 
First, sexual activity is shown to start between hour 1 and 2 after 
sunset for both the spring and the summer fli^t. Second, this 
activity is shown to increase with the advance of the night. The 
different rate of increase between both flights probably depends on 
the feral male population level, and the favorableness of the environ­
mental conditions. The 1973 hourly observations (Figures 25 and 27) 
show an interesting pattern in the sexual behavior of the moth during 
the spring flight. The activity increased sharply after 22:00, then 
decreased and increased again to reach its peak several hours later. 
This occurrence of two peaks can be explained by the occurrence of the 
peak at different times on different nights. Figure 28 B shows that 
during this flight the peak could occur as early as 23:00 and as late 
as 03:00. During the other flights (Figures 28 À and 29) the nightly 
peaks clustered more around a certain point in time. Thus, while in 
the first case, averaging would result in 2 peaks (or a pattern 
similar to that given by the female baited traps only. Figure 25 B), 
the latter would appear as a single peak when averaging. 
The hourly average shown in Figure 27 indicates that after the 
peak, the sexual activity decreases. The time of occurrence of the 
peak gives the impression that there was a mechanism which enabled 
the insect to measure time, since the peak coincided precisely with 
the mean time between sunset and sunrise. Examination of the data for 
individual nights, however, shows considerable variation about the mean. 
Figure 27. Hourly variation in the male sexual activity as measured by 
the catch in all traps and the male attraction to the bait 
females during the summer flight of 1973 
107 



































Figure 28. Hourly feral male sexual activity on four selected nights during the summer flight of 











Figure 29. Hourly feral male sexual activity on four selected nights 
during the summer flight of 1973 
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Considering Che fact that there were a sizeable number of feral moths 
present on those nights the occurrence of such late peaks, (see for 
example Night 7, Figure 29) suggests that the occurrence is associated 
with more favorable environmental conditions. The data show that very 
few late peaks did occur during the 1973 summer flight. 
The technique employed in this experiment was such that any moth 
captured during a certain period of time, would not be available 
thereafter. Assuming that no additional moths could become available 
to bring the male population to pre-peak level, we would witness a 
decrease in the activity level. This decrease is inevitable, whether 
or not the conditions affecting the activity would deteriorate or turn 
more favorable. 
Location preference is clearly shown In Figure 30 Â. During this 
flight period (Spring, 1972), the synthetic pheromone traps were used 
within the block arrangement. Since this pheromone source attraction 
would not be affected by any external factor, it could thus be expected 
to attract more, in the locations where the females failed to attract. 
One could assume the average location catch to vary randomly and not 
as shown in Figure 30 A. Since this was not the case, it must be 
assumed that the location preference during the 1972 spring flight, 
was associated with the feral moths preference to aggregate in certain 
locations. This preference persisted for nights without exception 
(insignificant locations * nights interaction) during this flight 
period. Hourly observations indicate a shift, mainly between locations 
1 and 2. Aggregation occurred largely in location 2 before 24:00 but 
Figures 30. Number of feral males caught at each location during the spring and summer flight of 1972 
(A) and hourly catch at four locations (B) and on four selected nights (C) during the , 
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shifted to location 1 thereafter (Figure 30 B). This was the only 
occasion when location preference was exhibited. 
The spring 1973 flight was exceptional in that no difference 
between locations nor any of its interactions could be detected. 
This would indicate that equitable numbers of feral males were present 
in each location from hour to hour (insignificant locations * hours 
and from night to night (insignificant location * nights) throughout 
the flight period. This would mean that the conditions were equally 
favorable or unfavorable in all locations for the feral moths to 
aggregate. This is interesting, since this is precisely the flight 
period where the female strains exhibited preference for locations. 
It therefore supports an earlier contention that microclimatic conditions 
can vary between the locations, such, that one location would favor one 
strain more than the others. 
Temperature Characteristics of the Habitat 
A description of the habitat provides information on the con­
ditions that the moths prefer, or are forced to live in, when they 
are not flying. It may also show the conditions they are trying to 
avoid. 
The usual way of describing the habitat temperature (or any other 
parameter) having measured the temperature at several representative 
points, is by plotting the fluctuation with time. This is shown in 
Figure 31 for the 1972 summer flight. The sites for these observations 
happened to be at the southern end of location 2 (Figure 4), i.e., at 
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the N-E comer of the lawn. As described earlier, this strip was 
covered by an even mixture of foxtail grass and broad leaf herbs. 
Location 1 and 2 had, between them, a feral moth concentration higher 
than any other pair of locations during this period (Figure 30 A). 
There was, however, no determination made on the presence of feral 
moths at the temperature measurement site. 
The general feature shown In Figure 31 Is similar to that reported 
by Whitman and Wolters (1967) for mixed grass prairie. Both sets of 
data were taken on a clear sunny day. The extent of temperature 
fluctuations, however, differed between the two sets. While at the 
inch height In the prairie grass, the amplitude was of the same 
magnitude as in Figure 31, at the 1 ft. level, it was much smaller. 
Figure 31 shows that there were no differences between the heights 
within the habitat and statistical analysis reveals not only an 
absence of significant differences between the levels, but also no 
significance for the interaction, term (days * hour * level). 
This stand, was at its widest point, 2 meters in width. Usual 
cultivation practices would leave a stand less than 2 meters in width. 
The resulting temperature profile would probably be between that of 
Figure 31 and a profile over a short grass surface, because of dlf* 
ferences in heat exchange by advectlon and, to a small extent, by 
convection. The insignificant difference between the levels here 
would indicate that there was a good heat exchange between the levels 
within this habitat. As indicated by Figure 31, the cover was more 
effective in preventing high adverse temperatures (compare to shelter 
Figure 31. Temperature fluctuation on a clear day (August 28, 1972) at 
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Figure 32. Relative frequency of hourly temperature occurrence in an assumingly preferred habitat 



















temperature) in the habitat, than it was in preventing outgoing • 
radiation. What this means in relation to the feral moth's behavior 
will be discussed later. 
The data further indicate (Figure 32) the moths usually escape 
desiccation because there is a low probability that adverse extreme 
temperatures will occur. 
The habitat data for 1973 are more representative, in that various 
microclimatic information were related to the population of moths. The 
terms 'favored' and 'unfavored' are used to designate points where more 
than four or less than four moths per square meter had been located 
(Table 6). The values given are averages of readings at three separate 
•favored' or 'not favored' spots between 08:00 and 09:00 on June 12, 
1973 in the creek bed which, at this time, was primarily covered by 
barn yard grass with patches of bromegrass. No moths were found on the 
creek bank. Considering that these measurements were made in the same 
Table 6. Average temperature, relative humidity and wind flow at the 
'favored' and 'unfavored' spots in the creek bed where a 
relatively high concentration of feral moths was observed 
(June 12, 1973) 
Relative 
Level Temperature C humidity (%) Wind (mph) 
observed Favored Unfavored Favored Unfavored Favored Unfavored 
Grass top 23.3 25.0 53 48 3.1 5.0 
Mid canopy 22.0 25.0 82 61 0.6 1.9 
20.6 24 A 93 66 0=6 0.3 
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creek where a 'favored' spot was only a few meters away from a 'not 
favored' spot (5 minutes were needed to complete readings In one spot), 
the differences shown in the table, are remarkable. Of more importance 
is that the data suggest there is a selection of habitat by the feral 
moths, either for lower temperature, higher humidity or less air 
movement. On another occasion (June 15, 1973) dry and wet-bulb 
thermometer readings were taken at the creek bed and at the creek bank 
at 08:00. At the creek bed where no moths were seen, the temperatures 
were 23.3°C at the ground and 23.9°C at the other levels. The relative 
humidity at these heights was 100, 91 and 91%, respectively. On the 
creek bank where moths were found, the temperature was 23.9°, 24.4° and 
24.4°C, while the relative humidity readings were 95, 91 and 91%. On 
June 15, several moths were seen on the bank lAen it was inspected at 
08:00. Later in the day (15:00) no moths were found on the bank nor 
on the creek bed. The temperature at 15:00 was between 29.4° and 30.0°C. 
The highest relative humidity was 84% at both points at this time. 
A possible explanation of this finding is, that after terminating 
their nightly activity, the moths selected a habitat most likely to 
provide a favorable environment. After settling down at the selected 
sites, they remained there until the environmental conditions forced 
them to move (woodllce are reported to move around until a suitable 
environment is found. Cloudsley-Thompson, 1967). On the morning of 
June 15, the conditions were probably still favorable at 08:00. The 
environment became adverse thereafter, causing the moths to migrate, 
and thus none were found at 15:00. It should be mentioned that on 
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June 14, these same sites were Inspected for the presence of feral 
moths, without success. The temperature measured at 08:00 averaged 
over the three levels, was 22.8° at the creek bed and 24.1°C on the bank. 
Average relative humidity was 79% and 63%, respectively. These were 
relatively unfavorable conditions. 
A study by Strelnikov, cited by Uvarov (1948), shows that the 
internal temperature of Locusta mlgratoria exposed to direct sunlight 
may rise to 42.7°C while that kept in the shade remained between 27.6° 
and 28.1°C, and follow the fluctuations of the air temperature. No 
such data exist for the European corn borer. However, the moths were 
seen to migrate deeper into the grass seeking shade under the intense 
sunlight about 11:00 in June.^ This indicates that the habitat selection 
is to avoid desiccation. Fsychrometric readings taken at 15:00 on 
June 23 in the adjoining com plot, and at the creek bed, showed the 
following comparisons. In the com plot, the temperatures range from 
36.1° at the bottom to 34.4°C at the top. Relative humidity was 
between 33% and 30%. At the creek bed the same values were 33.3°, 
32.8°, 45% and 35%. Data from Wallln and Shaw (1953) taken in com 
plots over a 22-day period in June and July, show that, although 
statistically significant, the maximum difference was 0.6°C between 
the levels. Fsychrometric readings on 6 separate days between June 
14-23,. 1973, at 15:00 also gave the same magnitude of differences at 
the creek bed. But while Wallln and Shaw data indicate a relative 
^Dr. V. B. Showers (personal comminication). 
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humidity difference of 7%, a difference of 15.87. vas obtained in the 
grass between the top and the ground. The largest gradient in the 
latter occurred between mid-canopy and the ground where the humidity 
increased from 58% to 71% near the ground. Although the conditions 
were not particularly favorable for the com borer in either environment, 
these data do indicate the most favorable environment is in the grass. 
True that the grass environment could be colder in the morning (Figure 
31), but this, should not be considered harmful or adverse. As we 
will see later, colder environment will be more helpful in stimulating 
the insect sexual activity. 
Sexual Activity and Environmental Conditions 
Initiation of Sexual Activity 
The figures previously presented, show the time of initiation of 
feral male response to the caged female attraction differs from night 
to night. In this section, the preferred environmental conditions to 
initiation of the activity will be shown. The 1973 summer flight data 
will be used for this purpose, because the larger number of feral 
moths, in flight or captured, will accentuate the points to be made. 
The night of August 12-13 had a total catch of 164 male moths, 
%Aile the night of August 21-22 had a catch of 181 moths. The 
difference between these two nights is, that v^ile on August 12-13 most 
of the moths were caught in the female baited traps, more were caught 
in the synthetic pheromone traps on the night of August 21-22. As 
shown by Figure 33, the temperature levels on the two nights were 
very similar. The full moon on the first night, however, caused 
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illumination readings to be generally high (2.2 to 2.6 card reading). 
On the second night (last quarter moon) illumination was between 0.4 
and 0.8 card reading. Both nights had no effective cloud cover to 
block cooling of the surface, and both had wind on the average from 
the NE direction. While the wind measured at the foxtail grass canopy 
Surface was at times 5 mph (anemometer gusts up to 15 mph) on the night 
of August 21-22, zero readings were obtained at all levels throughout 
the night of August 12-13. The result was, that dew deposition occurred 
before 22:00 on this night. On the night of August 21-22, dew deposition 
Was recorded as very light, and, as indicated in Figure 33, occurred only 
on the leaves of the short grass. Feral males were attracted by the 
female, but, as the figure suggests, the attraction by the females was 
either weak, or not as effective. Feral moths seen in flight were few, 
compared to the night of August 12-13, when the number was much larger. 
Another point of Interest shown in Figure 33 is the peaking of 
Sexual activity. It can be seen, that on the night of heavy dew 
deposition, peaks of both female and male sexual activity occurred 
simultaneously at 01:00. The peak of female sexual attraction on 
the night of August 21-22, occurred 3 hours earlier than the peak 
of male sexual activity. It may have beeA that the caged females 
Were biologically synchronized to a temperature drop in the environ­
ment. This has been shown to exist in a laboratory experiment 
(Loughner, 1970). Figure 33 shows that complete 'release' (Corbet, 
1960) such as on the night of August 12-13, is only possible when 
there is dew deposition in the field. 
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The mechanism controlling sexual behavior of the borer is shown 
more clearly in Figure 34, where two nights with quite different 
feral moth population levels and environmental conditions are compared. 
Illumination levels on the nights of August 10-11 and 18-19 did not 
differ as much as on the two nights discussed previously. On the night 
of August 10-11 (first night), the wind measured at the tall grass 
canopy surface was 2.5 mph (4 mph anemometer reading the highest for 
the night). The direction changed from ENE before 23:00 to SE there­
after. On the night of August 18-19 (second night), the wind over the 
tall grass canopy surface fluctuated around 1.5 mph, and was steady 
from the SSE. On the first night, only scattered cumulus clouds were 
present at 20:00. At 21:00 middle clouds covered about 40% of the sky 
and a build up began. Later, between 22:00 and 23:00 low clouds moved 
in from the west and completely obscured the sky. At 23:50 a thunder­
storm began, but passed about 00:30. On the second night low and 
middle cloud cover was substantial, but partly broke up around 01:00. 
The effect on the borer behavior, as shown in Figure 34, is very 
clear. Little if any, dew deposition was expected on either night 
due to the environmental conditions. Figure 34 shows that air and 
dewpoint temperature coincided at 23:00 on night one. However there 
was no gradient of dew point temperature between the 2 levels, 
indicating that there was no moisture movement to any point. The 
complete absence of feral moth sexual activity is clearly shown at 
22:00, where a substantial number of moths were seen in flight, with­
out any being captured. After the passing of the storm, the already 
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active bait females quickly attracted part of the feral moths (number 
in flight equalled that caught in the female baited traps). 
The record shows that a very light dew, almost imperceptible, 
was present on the short grass at 21:00 on the second night. Caged 
female activity began, but faded away as did the feral male sexual 
activity as a result of the gradual disappearance of the dew. No dew 
was present at 24:00. Â second initiation of activity occurred at 
01:00, but dew deposition was apparently not sufficient to stimulate 
all feral males, such that even after 3% hours not many were being 
attracted to the traps. 
The role of free water, either from rain or dew deposition, in the 
initiation of the com borer sexual activity, is very obvious from the 
phenomenon just described. The creek, being the lowest lying area in 
the vicinity, provided an ample cool air sink that favored dew deposition. 
During the hourly observations it was observed that the moths flew out 
of the creek to the adjacent grass strip. Shaw and Doll (1957) 
reported the coldest temperatures prevailed at the bottom of a half 
mile slope (ca. 3° slope) on clear, calm nights. They also reported 
cooler temperatures occurred at the top under a cloudy sky and moderate 
wind. There is thus a lower probability that dew deposition occurred 
at the top of the slope, and if present, it must have started later 
than at the bottom of the slope. This would explain the higher catch 
in location 1 in the spring of 1972, since this location was more 
favorable for dew deposition. Shaw (1973) found dew occurred more often 
on a short grass cover (57%) than on com (41%). Dew on the grass was 
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also of longer duration (7.3 hours) than the average duration on com 
(5.3 hours). The higher total catch between locations 1 and 2 during 
the 1972 Sumner flight, can be explained by the presence of the well 
kept lawn. The behavior of the moths over the short grass area between 
the creek and the bunkers observed during the spring flight of 1973, 
would probably indicate that the moths are attuned with the process of 
dew formation. Under laboratory conditions they move in relation to 
the temperature drop (Loughner, 1970). The fact that Showers et al. 
(1974) obtained better attraction with female baited traps on nights 
with 'leveling' temperatures, supports the finding in this study. 
Nights with heavy dew deposition would have more heat released, which 
helps check a further decrease of temperature in the weather shelter. 
It is obvious that the availability of free water is not the only 
controlling factor. Earlier, it was suggested that illumination levels 
could be limiting. Loughner (1970) established the inhibiting effect 
of intense illumination. The limiting effect of low temperature was 
shown by Stirret (1938). In the present experiment, no moths were 
attracted when the early evening temperature fell below 15°C. This 
was the case on June 20-21, 21-22, 23-24 in 1972 and on June 21-22 in 
1973. Complete absence of sexual activity was never recorded for the 
summer flights. Isolated catches did occur at temperatures as low as 
11.1*C when the early evening temperature was above 15°C. During the 
spring flights, sexual activity ceased immediately when the temperature 
dropped below 12.8°C. 
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Environmental Influence on the Sexual Activity Level 
The relation between environmental conditions and sexual activity 
was studied through regression of the average level of sexual activity 
(average attraction) on several environmental variables. The dependent 
variable 'strain' (Georgia, Iowa or Minnesota) was entered as the 
average hourly attraction over all locations and Includes attraction 
of the European com borer males, as well as the redbanded, and the 
obllquebanded leafroller males. The dependent variable 'male sexual 
activity ' was entered as the hourly average catch by all traps over 
all locations. 
Before actually allowing a dependent variable data point to enter 
the regression, the following facts were considered. 1) Female sexual 
activity could be manifested without the presence of the male European 
com borer. 2) Each female strain could be active by Itself. 3) Two 
or all three strains could be active at the same time and would compete 
for the number of males present. 4) In the absence of sexual or 
flight activity, no information on sexual activity can be measured. 
Consideration number 4 forces us to delete all related information, 
while under consideration 3, the females of each strain are assumed 
able to attract as many males as the strength of attraction of the 
female of a strain relative to that of the remaining strains. The 
relative strength of a strain, therefore, is expressed as the ratio 
of the number of males attracted by that strain to the total number 
of males caught by all traps. This practice however has its weak 
point with respect to considerations 2 and 1. With consideration 2, 
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the strain is assumed to have maximal attraction, which it very 
probably does not. Klun and Robinson (1971) and Roelofs et al. 
(1972) data on the leafrollers, indicate that the maximum attraction 
for males of these species does not coincide with that for the com. borer 
male (Figures 14 and 20). Inclusion of catches of the leafrollers in 
the absence of feral com borer moths, could lead to serious errors under 
consideration 2. The leafroller data were therefore deleted from the 
regression data. Under consideration 1 the ratio will be 1 (100%) 
i^ether these catches occurred early, lAen activity level was low, 
or late. Thus actual numbers were entered instead of a ratio as the 
dependent variable. Competition between the females of each strain is 
considered as part of the environment, i.e., it was entered as an 
independent variable. 
Regressions were then mn under the above assumptions. Input of 
Independent variables includes the various environmental parameters, 
which for the bait females would Include the competition for the number 
of male moths present, for both 1972 flights, the following Independent 
variables were entered: 
T = Psychrometric reading of dry bulb temperature. 
TD " Dewpolnt temperature, from the psychrometric reading. 
> 
DPD " Dewpolnt depression (psychrometric). 
TDFD = Temperature interaction with dewpolnt depression. 
RH " Percent relative humidity (psychrometric). 
V " Wind, standard anemometer. 
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TDROF • Difference between highest temperature of the day and 
temperature at any hour (shelter thermogram). 
IW " Hourly effective teo^rature (Weather Bureau Method). 
AFTSS = Time lag after sunset to account for possible 
synchronization of activity with sunset. 
For the 1973 flights additional Information was entered as follows: 
L " Illumination level; card reading values corrected In the 
summer by photographic exposure. 
V = Wind speed at tall grass canopy surface. 
T, TD, DED, TDPD, RH were each broken down Into 
F " Conditions around the bait females. I.e., at tall grass 
canopy and 
M = conditions around the feral moths. I.e., at short grass canopy. 
For both years, competition was entered as pairs of Georgia, Iowa 
and Minnesota. Thus for the Georgia female (GA.), competition would 
be IÂ. (Iowa) and W. (Minnesota). For the flights where the strains 
are considered, male moths sexual activity (ML) Is entered as an 
Independent variable, since, from preliminary regression runs. It 
appeared to be a very Important factor of the environment. 
This study Is concerned, not with what Is the single most 
Important environmental factor, but rather, what Is the combination 
of factors that Influences the sexual behavior of the com. borer. 
The regression technique most suited for this purpose, should there­
fore be, the maximum R-square improvement procedure (Barr and Good­
night, 1972). This procedure is thought to be best, since even though 
a non-slgnlfleant contribution by a factor might have been encountered 
In a previous stage (step wise procedure) It proceeds further until 
stopped. It also spares one from evaluation of a set of regression 
models obtained with an all possible regression procedure (Draper and 
Smith, 1966). The regressions (a limit of 7 Independent variables was 
set) for each of the flights are presented In Tables 7 through 9 for 
the females of each strain for each of the flights. For the feral 
male moths during the four flight periods, the regressions are presented 
in Table 10. Table 7 shows that for all female strains, the presence of 
feral male sexual activity was the most important factor v^lch enabled 
the females to express their sexual activity. The amount of variation 
explained by this variable was substantial In the case of the Minnesota 
female, less so in the Iowa female and much less in the Georgia female. 
This would Indicate that the environmental conditions during the 1972 
summer flight were better suited to the Minnesota female, and only the 
number of feral males present was limiting the expression of its 
sexual attractiveness. Compétition for the male moths was the next 
variable that appeared to be influencing the attraction by females of 
each of the strains. Effect of the competition on the catch Increased 
from the north (Minnesota) to the south (Georgia). The early entry 
into the regression of variable Gk, suggests that the competition by 
the Georgia female was the strongest inhibition to the attraction of 
the male by the Minnesota or the Iowa female. Thus, in terms of 
competitive strength of attraction, the strains would be rated in the 
order of Minnesota, Georgia and Iowa. This would agree with the average 
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Table 7. Environmental variable(s) influencing the caged female sexual 
activity during the summer flight of 1972 
Variable(s), sign 
and significance of 































zzz» = : significance level of each entry at 1% and 5% 
probability, respectively. 
Significance level of the model at 1%. 
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Table 7. (Continued) 
Variable(s), sign 
and significance of 





















Table 8. Environmental variable(s) contributing to the variation in 
the sexual activity of the caged female during the spring 
flight of 1973 
Varlable(s), sign 
and significance of 
























4ML -MmHF -L4AFTSS 0.908** 
m-ïflî-TDPDF-L-WFTSS -DPDF 0.912** 
4ML-MN4TDPDF-L+AFTSS-DPDF-GA 0.916** 
=. —. __ : significance level of each entry at 1%, 5% and 10% 
probability, respectively. 
^^Significance level of the model at 1%. 
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Table 8. (Continued) 
Varlable(s), sign 
and significance of 

















*5% level of probability. 
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Table 9. Environmental variable(s) contributing to the variation in 
the sexual activity of the caged female during the 1973 
summer flight 
VariableCs), sign 
and significance of 
































: significance level of each entry at 1%, 5% and 10% 
probability, respectively. 
**Significance level of the model at 1%. 
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Table 9. (Continued) 
Variables(s)^ sign R and 
and significance of significance of 
each variable entered the combination 
•HflJ 0.107** 
4MN-DPDF 0.168** 







catch for the flight period shown In Table 5. However, this is in 
conflict with the results reported by Showers et al. (1974) for the 
same period. The explanation Is that there is location preference 
associated with microclimatic differences. Such has been shown to 
exist very strongly in the spring of 1973, and less so in the summer 
of 1972. Table 7 also shows that for the three strains during the 
1972 spring flight, the physical environment variables did not affect 
their sexual activity. Inclusion of four physical variables provides 
only an explanation of 1.1% and 4.1% of the variation for the Minnesota 
and Georgia female, respectively, with none showing significance. For 
the Iowa female, however, temperature appeared to be a limiting factor. 
Cllmatological records show that during August 1972, the temperature 
was below the normal that the Iowa females had presumably been adapted. 
Had the temperature been higher, the Iowa females could probably have 
attracted more males. From this viewpoint, the absence of any significant 
effect of temperature on the southern Georgia females was unexpected. 
The fact that the Georgia female attraction was slightly more effective 
than the Iowa female makes it appear that it is better adapted to 
conditions similar to which the Minnesota, but not the Iowa, female 
was suited. It should be mentioned that such low temperatures, as in 
the first and last part of August 1972, have small chance of occurring 
frequently. 
During the spring 1973 flight (Table 8), the feral male sexual 
activity again seemed to be limiting. In this fli^t period however, 
it was only limiting for the Minnesota and the Iowa female, but the 
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Georgia female seemed to be affected by the sexual activity of the 
Minnesota female. Unlike the 1972 sunmer flight, only the Minnesota 
and Iowa females were competitive. The attraction of the males by the 
Georgia female did not appear to be of any importance in the competition 
for male moths. The average attraction by the Georgia female shown 
in Table 5, supports this finding. 
On the other hand, the physical environment became more important, 
as shown by the significance of some of its entries. For the Minnesota 
and the Iowa female, the illumination level (L) appeared to be important 
(1% probability level). For all three strains, the activity level 
seemed to be affected by the humidity level of the atmosphere. The 
non-native Minnesota and Georgia female responded in terms of the 
dewpolnt temperature, indicating that for both strains, the amount of 
moisture available was important. For the native Iowa female, on the 
other hand, it was the evaporative power that was Important. This 
would suggest that for the non-native strains, the atmospheric moisture 
level is either limiting or inhibiting. To the native Iowa strain, 
the atmospheric moisture content does not seem to be hampering them. 
The amount of moisture lost is a more important consideration for the 
Iowa female. The variable AFTSS, hours after sunset, appears to be 
very much related to the activity level. The effect on the Minnesota 
female activity, plus the fact that the Minnesota borer is adapted to a 
time of sunset somewhat later than in Central Iowa, suggests that 
synchronization to the sunset was necessary. As such, one would 
expect the Georgia female, adapted to an earlier time of sunset, also 
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to esdilblt such a phenomenon. Since this was not true, the possibility 
is raised that ÂFTSS mi^t not represent a synchronization of the 
sexual activity to the time of sunset. Most probably, ÂFTSS is 
associated with the overall environmental condition changes accompanying 
the advance of the night. 
No physical environmental factor appears to have been affecting 
the sexual attraction of the Georgia female. It has been shown (Table 5) 
that as a competitor, the Georgia female, did not amount to anything 
important, i.e., its attraction was weak. In spite of its insignificance, 
its early entry into the regression, the persistent appearance and the 
variation accounted for by IDF, suggests that it was important to the 
Georgia female. If one considers that this strain is adapted to the 
more moist and warmer gulf air Showers ejt al. (1971), the cooler Iowa 
June, with its lesser moisture content, should be limiting its sexual 
expression. On the other hand, the Minnesota borers adapted to 
temperature and atmospheric moisture environment less different than 
that of Iowa, allow the variable TDF to enter the regression only after 
the more limiting variable L has been entered. 
The 1973 summer flight offered an altogether different picture. 
First, there is no combination of environmental variables which 
explained more than 45% of the variation in the attractiveness of 
the females of each strain. The sexual activity level of each strain 
observed during this flight indicates that the factors affecting 
sexual activity were at an optimal level. However the data show that 
the temperature occurring during this period, while within an acceptable 
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range above the normal, still could have had an Inhibiting effect on the 
most active (see Table 5) Iowa females. If so, one would expect the 
temperature effect to diminish from the northern Minnesota strain to 
the southern Georgia strain. Table 9, however, indicates that the 
temperature is not Important for either the Minnesota or the Georgia 
female. This could mean that the temperature during the sum&er 1973 
flight would be beyond the acceptable range for the Minnesota and the 
Georgia female, where no response occurs. Another possibility is that 
although there was a response to temperature variations, other variables 
are more decisive (Table 9). 
Again, as in the summer of 1972, competition between the strains, 
proved to be the most Important factor. The order, however, changed 
to the native Iowa, the Minnesota and the Georgia female indicating 
that the conditions during the 1973 summer flight, were more suitable 
for the Iowa female. The overall attractiveness of the females of the 
two non-native strains, was below that of the Iowa female (Table 5). 
It should be mentioned that there were more moths in flight in the 
summer of 1972 than during this period (summer 1973) as revealed by 
light trap data. Due to appropriate location of the experimental 
sites however, moths were seen and trapped in abundance in August 1973. 
As such the male numbers could not be considered limiting. The 
presence of variable ML in the Minnesota regression would suggest 
that the attractiveness of this strain was limiting. This would 
probably explain also why there was no response by the females of 
both non-native strains to taaperature variations that affected the 
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Iowa strain. Whether this phenomena occuired because of different 
Isomeric composition of the pheroment, or weaker amission of the 
pheromone by the non-native females, would probably be clear only If 
other factors are considered. 
Another point worth noting in Table 9 is the gain in significance 
in the effect of the physical variables on the sexual behavior of the 
females. With respect to the general conditions during the two 
previous flight periods, the gain suggests that the response to the 
physical environment could only be expressed under a favorable 
environment. Under less favorable environments, such as the cooler 
and drier (for that time of the year) summer flight of 1972, this 
response is present but less apparent. 
The next point of interest is the inclusion of different environ­
mental variables for the females of the different geographical regions. 
Earlier, the variable effect of temperature was pointed out. Temperature 
was the only significant factor that affected the Iowa female during the 
1973 summer flight. For the two other strains, wind (W) appeared to be 
significantly affecting their activity. Since wind is presumed to be 
related to the physical effort in the mating behavior (Caffr^ & 
Worthley, 1927, Stirret, 1938 and Lougihner, 1970) the significance could 
not be ascribed to the effect on the caged female sexual activity. 
One could possibly explain why the variable W was important for both 
strains, by combining a suggestion made previously on the different 
isomeric composition of the pheromone for different geographical 
strains with a possible quantitative difference suggested by Klun 
148 
et ( 1973). Any Increase in ^ nd speed at low speed below the 
10 mph limit established by Loughner (1970) would cause a more 
directional pheromone funnel to be established. This provides a 
distinctive guide for the male moths to follow. Under very low 
wind speed, and more so in the absence of wind, the pheromone might 
diffuse into a larger funnel and is consequently weaker and perhaps 
confusing to the male moths. The wind was not significant in the 
spring of 1973, the period it was also measured in the field. The 
lower significance was probably because there was little variation 
in the wind measured in the spring. The consistent appearance of wind 
in the regression for the Minnesota and the Georgia strains suggests 
that it was helpful to the weaker attracting strains at this time. 
If one considers that the male is actively seeking the female (Shorey 
and Gaston, 1964) and the flight clock reset idea of Truman (1973) the 
result in this study suggests that under natural conditions, the 
presence of wind (at speed lower than 10 mph) would aid sexual activity. 
This leads to the speculation that the weaker attraction of non-native 
females is due to a weak emission. There is, however, no other data to 
support this speculation. The inclusion of illumination level in the 
regression for Minnesota could be explained in the same way (Shorey and 
Gaston, 1970). Entry of both variables into the regression is interesting, 
since it indicates that there is a response to variation in wind speed 
and illumination level. Perhaps the response to Illumination level and 
wind speed would be similar to that found by Johnson (1954) in aphid 
migration. The result of the regressions support the contention that 
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there is a lower critical limit of illumination level, (0.5 card 
reading). While this limit is not precise with respect to the technique 
employed and the scarcity of the data, it is a starting point for the 
establishment of a lower threshold of illumination level. 
The entry of DPDF, dewpoint depression around the bait females, 
as the second most important environmental variable supports the 
suggestion of adaptation of the Georgia female to the more humid Gulf 
region. In the summer of 1972, DPDF found expression in terms of TDPD 
interaction between temperature and dewpoint depression. 
The variable AFTSS, hours after sunset, lAich was to denote synchro­
nization of sexual activity to time of sunset, seemed to be less 
important here than during the spring fli^t. One possible explanation 
is that under presumed optimal environmental conditions, as in the 
summer of 1973, synchronization is less needed. In a less or 
non-optimal, condition, it could be expected to be more important. 
This was true for the spring flight 1973, but during the cooler and 
less humid sunmer of 1972, it did not appear in any regression for the 
females of the Iowa and Georgia strains. If it is, on the other hand, 
associated with the changing favorability of the environment with the 
advance of night, the change in prominence of this variable can be 
accepted. The almost complete absence of AFTSS during the summer of 
1972, for instance, could be explained by the fact that the cooler and 
less humid August, was probably closer to the preferred environment of 
tha Mlnzzsctc fcssls. The edvence «f the night would lower the 
temperature, causing dew deposition at a temperature level, still 
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within the acceptable range for the Minnesota female. For the Iowa 
and Georgia borers, adapted to a wanner environment, this temperature 
would be too low for their preferred tanperature range and no response 
to AFTSS would be detected. 
The regressions for the feral male sexual activity are shown in 
Table 10. In general, the regressions account for 507, or less of the 
variation in the sexual activity. Apart from the spring 1972 flight 
they appeared to be affected by the same environmental variables. 
Although in a slightly different form denoting association with another 
variable, or of a different significance than that affecting the caged 
Iowa female. Some comments should be made. The significant effect of 
DFD (M) on the feral male activity indicates that dew is an important 
factor for the feral moths. The caged females were kept in close 
proximity to free water and showed this dependence only slightly. This 
response would indicate that the natural dependence of the female moth 
on dew formation (or related processes) is such, that the requirement 
was not entirely satisfied even though fresh water was supplied. 
Perhaps this is also idiy Loughner (1970), in his laboratory experiment, 
found TDROF, temperature drop, to have a positive response in the 
sexual activity. In the present experiment, TDROF was found to be 
effective only during the spring flight of 1972. What happened is 
not known. A good guess would be that moths aggregating farther up 
the slope from location 1, where the possibility of dew deposition 
diminished, would respond to this temperature change. As a prediction 
model, these regressions would not be very satisfactory since over 50% 
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Table 10. Environmental varlableCs) contributing to the variations In 
the sexual activity of the feral male moths 
Variable (s), sign and 2 R value and 
significance of each significance of 
Flight variable entered the model 
-ma 0.245* 
-TD4AFTSS 0.365** 








Summer -DPD-T4DD 0.385* 






Spring 4AFTSS-DPDM+DD 0.503** 
1973 4AFTSS+TM-DPDM*DD 0.509** 
4L-DPDM+DD4APTSS4TM 0.510** 
4t-DPDmgD#PTSs-mi-w 0.510** 
•tiL-RH»H)lMAFTSS -DPDMfTM-W 0.510** 
—- : significance level of each entry at 1%, 5% and 107, 
probability, respectively. 
**, *: significance level of the model at 1% and 5% respectively. 
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Table 10. (Continued) 
Flight 
Variable (s), sign and 
significance of each 
variable entered 




















of the variation was left unexplained. Quite possibly one or two 
Important factors, which we are not aware of, were omitted. These 
factors might be environmental. There is an Indication that at least 
part of it was biological. On the night of August 14-15, one pair of 
moths was seen in copulation in the foxtail grass at 02:00. As late 
as August 21-22, a windy night as mentioned earlier, a total of 
three feral females were seen clinging to the foxtail grass, one of 
which went into copulation at 23:00. All these were observed at the 
edge of the grass strip. What went on beyond the edge of the grass 
strip is not known. These observations suggest that one important 
factor, i.e., competition between the baits and the feral females for 
the males, was omitted. How much it contributed to the variation In 
the male sexual activity, as measured by the baited trap catches is not 
known. The presence of this competition, however, might have confounded 
the actual male sexual activity. 
Another Important factor not considered in the regressions, is 
the micro-climatic differences between the locations or in the inter­
actions with nights or hours (Figure 30). These were very Important 
factors in the moths sexual behavior. 
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SUMMARY AND CONCLUSIONS 
Three aspects of the sexual activity of representatives of three 
ecotypes (groups of similar geographical strains) of the European corn 
borer Ostrinia nubilalis (Hubn.) were studied under caged conditions in 
the field. The three representatives involved were from Stevens County 
(Minnesota) representing the northern, from Boone County (Iowa) repre­
senting the central, and from Tift County (Georgia) representing the 
southern ecotype. The three aspects studied were the flight, the mating 
behavior, and the success of mating. 
The results show that under the conditions prevailing during the 
period of study in July, 1973, the three strains differed in their 
flight and mating activity. Although the Georgia males showed hi^er 
flight activity than the two other strains, they were less active sex­
ually than the Iowa strain. Of the three strains, the Minnesota moths 
were the least active, both in flight and in mating. No difference in 
the success of mating could be detected between the strains. 
The effect of low illumination levels on the three aspects were 
studied, using only the Iowa adults. The results suggest that low 
illumination level may be inhibiting both the flight and the mating 
activities of the adult European corn borer. 
The calling behavior of the females of the three strains was stud­
ied in the field during the spring and summer flight periods of 1972 and 
1973 seasons. The moths were placed in pint-size cages and provided 
with drinking water throughout the day. The feral male sexual activi­
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ties were also studied. The results of this study can be summarized as 
follows: 
1. The flight of adult European corn borer begins at sunset and 
increases toward a peak, lAich in the spring occurs before 
24:00 but in the sumner occurs after 24:00 CST. 
2. The flight is not related to the sexual activity of the males 
nor to the physical (atmospheric) conditions of the environment. 
The moths that take to flight may not be sexually active. 
3. It was shown that for moths to become sexually active, water in 
the form of dew or rain must be provided. 
4. Sexual activity of the female of any strain may vary from one 
night to another, depending on the changing favorableness of 
the environment to the specific requirements of the female. 
5. The competitive strength of females of each strain exhibited 
during one or another flight period suggests that the sexual 
active of the strains are adapted to the temperature and pos­
sibly the atmospheric moisture content of the strain's native 
environment. 
6. This adaptation is such that microclimatic differences between 
the locations can bring out differences in the attractiveness 
between the strains. 
7. Calling of the female may commence as early as one hour after 
sunset and continue until before sunrise. 
8. Under conditions not favorable to a strain, commencement of 
calling can be lacer chan the other strains. 
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The attraction of the female begins weakly, then grows in 
strength with the advance of night. This phenomena, however, 
is believed not to be related with a phase synchronization to 
the time of sunset but to improvement of the environmental con­
ditions approaching the optimal. 
"Oils study could not determine Aether the peak and the decrease 
after the peak of the sexual activity were due to a decrease in 
the attractiveness of the female or to a decrease in the number 
of males to be attracted. 
The females are also found to attract the leafrollers 
(Arevrotaenia velutinana. Walker, and Choristoneura rosaceana. 
Harris). This study failed to determine whether the changing 
pattern of the attraction of these leafrollers in the spring 
and the summer flight is caused by a changing sexual behavior 
pattern of the leafrollers or to a change in the attractiveness 
of the female. 
Feral males exhibit a sexual behavior pattern similar to the 
bait females. 
On a few nights, the feral males were found to be more active 
than the bait females. Such ni^ts are characterized by light 
dew deposition. 
Wind and illumination were found to be not only effective as 
controlling factors but also as variable factors. Increase in 
wind-speed and illumination level would aid orientation in the 
mate-seeking activities. 
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This study shows that at least 40% of the variation in the sex­
ual activity of the European corn borer in the field is due to 
the atmospheric component of the environment. It is believed 
that competition between the treatments (attractive source) and 
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APPENDIX 1 
Table 1.1. Average number of male moths which was found in the upper 
cages, hourly number of pairs found in copulation and the 
number of females found with spermatophore, in the study of 
the mating behavior of the famales of the ecotypes 
Minnesota 
21:30 22:30 23:20 00:30 01:30 Success* 21:30 
Night 1 1.56 2.02 --- —- --- 2.09 
Flight^ 2 2.18 3.17 - - - — --- 2.17 
3 1.56 1.56 --- — — —  --- 2.96 
Night 1 0 0 0.20 0.70 0.61 2.64 0 
Mating^ 2 0 0 0.20 0.77 0.70 1.90 0 
3 0 0.20 1.08 1.23 0.90 2.70 0 
^Success = the number of females found with spermatophore. 
^Flight = the number of male moths found in the upper cages. 
^Mating - the number of pairs found in copulation. 
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Iowa Georgia 




0.20 1.23 2.18 2.89 4.67 0 0 0.43 1.00 0.70 2.96 
0 0.70 1.48 1.31 1.95 0 0 0.20 0.90 1.87 2.39 
0 1.00 1.68 1.68 3.48 0 0 1.31 1.42 1.47 3.48 
2.58 2.90 
3.24 4.94 
4.78 5.59 — 
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Table 1.2. Analysis of variance of the flight activity of the caged 
moths from three geographical strains 
Source of variation df Mean square F 
Replications (R) 3 0.3008 
Strain (S) 2 1.8509 2.419 
Error (a) 6 0.7651 
Hour (H) 1 0.7615 21.419^ 
S * H 2 0.0021 0.059 
Error (b) 9 0.0356 
Nights (N) 2 0.6587 3.141 
S * N 4 0.3021 1.440 
H * N 2 0.0415 
S * H * N 4 0.0442 
Error (c) 36 0.2097 
**1% level of probability. 
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Table 1.3. Analysis of variance on the mating pattern of three 
geographical strains 
Source of variation df Mean squares F 
Replications (R) 3 0.0873 
Strains (S) 2 6.058* 
la. vs Minn. & Ga. (Ci) 1 0.6842 4.979 
Minn, vs Ga. (C2) 1 0.1468 1.069 








* H 4 0.1609 2.595 
C2 * H 4 0.0672 1.084 
Error (b) 36 0.0620 
Nights (N) 2 0.2058 2.769 
S * N 4 0.1608 2.163 
S * H * N 16 0.0393 
Error (c) 98 0.0743 
**5% level of probability. 
*1% level of probability. 
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Table 1.4. Analysis of variance of the number of mated gravid females 
Source of variation df Mean square F 
Replications (R) 3 0.0115 
Strains (S) 2 0.0892 3.127 
Error (a) 6 0.0285 
Nights (N) 2 0.2390 0.500 
S * N 4 0.0480 




Table 2.1. Average number of male moths found in the upper cages for 
each night, hourly average number of pairs found in 
copulation and the number of female with spermatophore for 




Flight* 21:30 22:30 23:30 00:30 01:30 sperm® 
Night 1 2.45 0 2.51 2.60 0.61 0.61 0.52 
2 1.00 0 0.27 0.87 2.45 1.93 0.59 
3 3.56 0 0 0.27 0.87 1.93 0.44 
4 3.65 0 0 0.61 1.57 2.45 0 
Under shade 




Night 1 7.28 0.87 2.51 2.31 1.64 0.27 0.65 
2 1.11 0 0.27 0.61 1.64 2.51 0.34 
3 1.11 0 0 0.61 1.11 0.87 0.27 
4 4.44 0 0.61 0.61 1.64 1.57 0 
^Flight - average number of male moths found in the upper cages. 
^Number with sperm = average number of female moths found with 
spermatophores. 
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Table 2.2. Regression analysis on the number of males found in the 
upper cage (illumination level study) 
Source of variation df Mean square F 
Replications (R) 2 0.1083 
Illumination (I) 1 0.1140 
Error (a) 2 0.1640 
Nights (N) 3 1.2900 5.831* 
I * N 3 0.8356 3.770* 
Error b 12 0.2216 
5% level of probability. 
Table 2.3. Regression analysis on the pairs found in copulation in the 
illumination study 
Source of variation df Mean square F 
Replications (R) 2 0.3911 
Illumination (I) 1 0.0030 
Error (a) 2 0.0228 
Hours (H) 4 1.6669 17.593** 
I * H 4 0.0822 
Error (b) 16 0.1005 
Nights (N) 3 0.5637 3.502* 
I * N 3 0.0440 
I * H * N 12 0.0842 
Error (c) 72 0.1609 
*5% level of probability. 
1% level of probability. 
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Table 2.4. Regression analysis on the number of mated gravid females 
Source of variation df Mea.^ square F 
Replications (R) 2 0.0567 
Illumination (I) 1 0.0197 2.467 
Error (a) 2 0.0080 
Nights (N) 3 0.5427 10.066* 
I * N 3 0.0230 0.437 
Error (b) 12 0.0539 




Table 3.1. Average hourly attraction of feral males by the female 
representatives of the three ecotypes during the summer 
flight of 1972 
Time of day (CST) 
Strain Night 21:00 22:00 23:00 24:00 01:00 02:00 02:00® 
Georgia 3 0 0.16 0.16 0 0.16 0 0.62 
5 0 0.54 0 0.16 0.16 0 0 
8 0.34 0 0.16 0 0.48 0.74 0.67 
9 0 0 0.16 0 2.31 1.15 0.28 
10 0.34 0.16 0.16 0.82 1.11 0 0 
11 0 0.47 0.16 0.98 1.10 0.34 0.85 
Iowa 3 0 0.16 0.34 0 0 0.16 0.85 
5 0 1.06 0 0 0.16 0.34 0 
8 0.38 0.16 0.16 0 0.74 1.15 0.66 
9 0 0 0 0 0.16 0 0 
10 0.34 0 0.16 0.97 0.28 0 0 
11 0 0.16 0.74 0.54 1.04 1.64 0.98 
Minnesota 3 0 0.16 0.16 0.16 0.47 0 0.85 
5 0 1.10 0 0.16 0.28 0.69 0 
8 0.34 0 0.16 0 0.16 0 1.38 
9 0 0 0.16 0 0.69 0 0 
10 0.16 0 0.16 0.70 2.12 0 0 
11 0 0.62 0.96 1.69 0.48 2.37 1.25 
*Total attraction from 02:00 to 05:30. 
Table 3.2. Average attraction of feral males by the female representatives of the three ecotypes 
during the 1973 spring flight 
Time of day (CST) 
Strain Night 20:00 21:00 22:00 23:00 24:00 01:00 02:00 03:00 03:00* 
Georgia 1 0 0 0 0 0.27 0 0.50 0.27 0.27 
2 0 0 0 0 0 0 0 0 0 
3 0 0 0 0.50 0 0.50 0 0.27 0 
4 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0.87 0 0 0 0 
7 0 0 0 0 0.27 0.27 0 0 0 
8 0 0 0 0 0 0 0 0.27 0 
Iowa 1 0 0.27 0 0 0 0 0.61 0.27 0 
2 0 0 0 0 0 0 0.70 1.31 0.87 
3 0 0 0 0.87 0.27 1.00 0 0 0 
4 0 0 0 0 0 0 1.64 0.61 0.61 
5 0 0 0 1.00 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 
7 0 0 0 1.31 0.51 0.27 0.27 0 0 
8 0 0 0 0 0 0 0 0.27 0 
Mlnneiiota 1 0 0 0 0 0.27 1.16 0.27 0 0 
2 0 0 0 0 0 0 0.87 1.33 0.87 
3 0 0 0 0.70 0.27 1.11 0 0 0 
4 0 0 0 0 0 0.27 0 0.27 0 
5 0 0 0 0 0 0 0 0 0 
6 0 0 0 0.51 1.42 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0.27 0.70 0 
'^Total attraction from 03:00 to 04:00. 
Table 3.3. Average attraction of feral males by the female representatives of the three ecotypes 
during the 1973 summer flight 
Time of day (CST) 
Strain Night 21:00 22:00 23:00 24:00 01:00 02:00 03:00 03:00* 
Georgia 
Iowa 
1 0 0.27 0 0.70 0 0 0 0.89 
2 0 0 0 0 2.52 0.27 0 0.27 
3 0 0.50 1.42 1.11 0.87 1.42 2.20 0 
4 0.27 0 0 0 2.45 0.50 1.31 0.27 
5 0 0 0 0.27 0 0 0 0 
6 0 0 1.66 1.95 0 0.87 0.50 0.87 
7 0 0.27 0 0.61 1.07 1.82 0.27 0 
8 0.27 0.27 0 0.70 0.27 0 0 0 
9 0 0 0 0 0.27 1.11 1.70 1.92 
10 0 0 0 0 0.27 0.61 0 0.27 
11 0 0 0 0.70 1.42 0.27 0 0.27 
12 0 0 0.50 0.70 0 0.27 0 0 
13 0 0 0.27 0 0.27 1.11 0 0 
14 0 0 0.27 0 0 0.27 0 0 
1 0 0 0 0.89 0.27 0.27 0 0.27 
2 0 0 0 0 4.67 0.27 0 0.27 
3 0 0 0.87 1.89 0 0.50 0.27 0.27 
4 0 0 0 0 0 0.27 0 0.27 
5 0 0 0 0 0.27 0 0 0 
6 0 0.27 0 1.66 4.41 0.89 3.25 2.22 
a, Total attraction from 03:00 to 03:30. 
Table 3.3. (Continued) 
Time of day (CST) 
Strain Night 21:00 22:00 23:00 24:00 01:00 02:00 03:00 03:00* 
7 0 0 0.27 0.87 0.27 1.16 0.61 0.27 
8 0 0 0.50 3.75 0.70 1.66 0 0 
9 0 0.27 0.87 1.93 1.82 2.32 3.14 1.33 
10 0 0 0 0 0 0.43 0 0.43 
11 0 0 0 0 1.00 0.61 1.11 0.27 
12 0.61 0 0.27 1.31 0.70 1.25 0.50 0 
13 0 1.25 1.31 0.61 1.66 0.27 0 0 
14 0 0.89 0.27 0.89 0.61 0.50 0 0 
Minnesota 1 0 0 0 0 0 0.27 0.50 1.66 
2 0 0 0 0.27 1.57 0.27 0 0 
3 0 0 0.27 0.27 0 0.27 0 0 
4 0 0 0 0 1.73 0.50 0 0.87 
5 0 0 0 0 0 0 0 0 
6 0 0.27 0.70 1.42 3.04 2.90 2.10 3.14 
7 0 0.61 1.66 0.27 0.87 0 0 0 
8 0 0 0 0.27 0 0 0 0 
9 0 0 0.50 0 1.70 0 0.27 1.11 
10 0 0 0 0.20 0 0.77 0 0.36 
11 0 0 0 0.27 0.27 0.70 0.50 0 
12 0 0 0.89 0.27 0 0 0.27 0 
13 0 0.27 2.52 1.93 0.61 1.16 0.61 0.27 
14 0 0.27 0 0.89 0.27 0.50 0 0 
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Table 3.4. Analysis of variance of the female moths' sexual activity 
in the summer flight of 1972 
Source of variation df Mean square F-value 
Locations 4 0.1486 0.0989 
Strains 3 1.5028 5.2377 
Error (a) 12 0.2869 1.3089 
Nights 5 0.9417 4.2962 
Strains * nights 15 0.2496 1.1388 
Error (b) 80 0.2192 
Hours 6 0.5388 6.2416 
Strains * hours 18 0.1143 1.3239 
nights * hours 30 0.3527 4.0854 
Strains * nights * hours 90 0.1202 1.3918 
Error (c) 576 0.0863 
* 
5% level of probability. 
** 
1% level of probability. 
Table 3.5. Analysis of variance of the female moths' sexual activity 
during the spring flight of 1973 
Source of variation df Mean square F-value 
Locations 2 0.0075 0.1014 
Strains 3 0.3228 4.3502 
Error (a) 6 0.0742 3.1338 
Nights 7 0.0885 3.7268 
Strains * nights 21 0.0599 2.5235 
Error (b) 56 0.0238 
Hours 8 0.1505 6.1759 
Locations * hours 16 0.0301 1.2338 
Strains * hours 24 0.0497 2.0361 
Nights * hours 56 0.0933 3.8260 
Nights * strains * hours 168 0.0388 1.5925' 
Error (c) 496 0.0244 
*5% level of probability, 
** 
1% level of probabilicy. 
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Table 3.6. Analysis of variance of the female moths' sexual activity 
in the simmer of .1973 
Source of variation df Mean square F-value 
Locations 2 0.0643 0.5672 
Strains 3 3.6374 32.0872 
Error (a) 6 0.1134 .5279 
Nights 13 0.9620 4.5646 
Strains * nights 39 0.3534 1.6769 
Error (b) 104 0.2107 
Hours 7 1.4569 16.9102 
Locations * hours 14 0.2283 2.6497 
Strains * hours 21 0.2362 2.7416 
Nights * hours 91 0.2427 2.8172 
Strains * nights * hours 273 0.1171 1.3587 
Error (c) 770 0.0862 
5% level of probability. 
** 




Table 4.1. Average number of feral moths observed in flight during the 
1973 season 
Time of day (CST) 
Flight 
period Night 20:00 21:00 22:00 23:00 24:00 01:00 02:00 03:00 
Spring 
Summer 
2 0 0 0.3 0.3 1.1 0 1.1 0 
3 2.6 0 0 0 0 0 2.0 1.1 
4 0 0.5 0.6 4.2 0.7 0.5 0 0 
5 0 0.6 1.2 0 0.5 0 0 0 
6 0 0.9 0.9 0 0 0 0 0 
7 0 1.6 1.3 0.5 0.6 0 0 0 
8 0.6 0 0 0 0 0 0 0 
1 0 0 0 1.3 20.0 20.0 0 
2 0.7 0 0 0 5.3 5.3 0 
3 — 5.6 7.0 11.1 16.3 9.3 5.7 1.6 
4 0.6 6.8 0.3 0 5.2 0.5 0 
5 0 0 0 3.3 8.2 1.7 0 
6 — 0.6 2.9 3.1 13.8 15.4 6.0 4.2 
7 — 1.9 9.1 7.2 23.8 11.4 3.4 0.6 
8 1.7 13.1 12.2 19.5 6.4 0 0 
9 10.8 31.4 25.5 20.4 9.7 4.5 6.8 
10 2.1 9.7 35.4 40.8 23.6 20.4 5.0 
11 1.1 10.9 22.9 17.9 33.8 25.5 6.0 
12 5.3 3.0 18.7 19.0 17.7 8.5 0.5 
13 0 0.7 1.3 0.7 0.5 1.7 0.3 
14 0 0 3.9 1.2 1.1 0 0 
15 0 0.7 0.7 2.2 1.6 0.9 0 
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Table 4.2. Analysis of variance of feral moths seen in flight in the 
spring flight of 1973 
Source of variation df Mean square F-value 
Locations 2 0.1466 1.125 
Nights 6 0.2831 2.173 
Error (a) 12 0.1303 
Hours 7 0.1899 1.789 
Locations * hours 14 0.1053 0.993 
Nights * hours 42 0.3175 2.992** 
Error (b) 84 0.1061 
** 
17o level of probability. 
Table 4.3. Analysis of variance of feral moths seen in flight during 
the summer flight of 1973 
Source of variation df Mean square F-value 
Locations 2 12.4532 5. 381* 
Nights 14 25.3948 10. 973** 
Error (a) 28 2.3144 
014** Hours 6 24.7042 41. 
Locations * hours 12 0.5708 0. 948 
Nights * hours 84 2.7582 4. 579** 
Error (b) 168 0.6023 
*5% level of probability. 
** 




Table 5.1. Average feral male sexual activity (as measured by catches 
of male moths in all traps) during the 1972 spring flight 
Time of day (CST) 
Night 20:00 21:00 22:00 23:00 24:00 24:00® 
1 0 0 0.34 0.69 0.28 1.10 
2 0 0 0.34 0.34 0.88 1.95 
3 0 0 0.16 0 0.16 0.34 
4 0 0 0 0 0.92 0.34 
5 0 0 0.16 0 0.16 0 
6 0 0 0.16 0.34 0 0.69 
*Total catch from 24:00 to 04:40. 
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Table 5.2. Average feral male sexual activity (as measured by catches 
of male moths In all traps®) during the 1972 summer flight 
Time of day (CST) 
Night 21:00 22:00 23:00 24:00 01:00 02:00 03:00 03:00^ 
3 0 0.54 0.54 0.16 0.69 0.16 2.07 0 
5 0 2.36 0 0.34 0.69 0.85 0 0 
8 0.47 0.16 0 0 0.99 1.58 3.30 0.47 
9 0 0 0.16 0 2.43 1.15 0.28 0.80 
10 0.47 0.16 0.69 3.45 3.49 0 2.03 0 
11 0 1.10 1.86 3.34 2.93 4.84 3.43 0.98 
^During this flight period no synthetic pheromone traps were 
present. 
^Total catch from 03:00 to 05:30. 
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Table 5.3. Average feral male sexual activity (as measured by catches 
of male moths In all traps) during the 1973 spring flight 
time of day (CST) 
Night 20:00 21:00 22:00 23:00 24:00 01:00 02:00 03:00 
2 0 0.27 0 0 0 3.39 4.80 2.22 
3 0.61 0.27 2.60 0.50 2.95 0 2.11 0 
4 0.61 0 0 0 0.27 2.52 1.31 0.61 
5 0 0 2.20 0 0 0 0 0 
6 0.27 0 0.87 2.19 0 0 0 0 
7 0.27 0.27 1.31 0.87 0.70 0.27 0 0 
8 0 0.87 0 0 0 1.00 1.42 0 
193 
Table 5.4. Average feral male sexual activity (as measured by catches 
of male moths in all traps) during the 1973 sunmer flight 
Time of day (CST) 
light 21:00 22:00 23:00 24:00 01:00 02:00 03:00 03:00 
1 0 0.27 0 7.51 1.11 1.11 1.95 7.92 
2 0 0 0 0.87 10.79 2.65 0 1.16 
3 0.61 0.70 3.52 4.17 2.20 3.27 2.52 0.61 
4 0.61 0 0 0 6.30 1.93 1.31 3.27 
5 0 0 0.27 1.33 1.64 1.42 0 1.31 
6 0.27 1.31 3.97 8.66 11.11 8.10 9.45 8.08 
7 0 2.00 2.19 2.82 6.35 5.88 2.45 2.10 
8 0.27 0.27 0.87 7.53 1.07 2.69 0 1.31 
9 0.50 0.27 2.45 3.04 6.45 5.60 8.43 7.55 
10 0 1.31 0 2.79 10.51 17.32 11.18 7.98 
11 0 0.61 0 1.70 6.26 7.53 5.97 3.56 
12 0.61 0.87 2.20 9.29 3.96 6.11 4.69 0.87 
13 0 7.93 7.58 8.26 13.07 14.71 1.70 3.62 
14 0 5.79 5.97 10.24 9.10 4.97 0 2.29 
15 0 0 0.27 0 0.27 0.50 0 1.16 
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Table 5.5. Analysis of variance of male moths' sexual activity during 
the spring flight of 1972 
Source of variation df Mean square F-value 
Locations 4 0.4421 4.3617* 
4.1058 Nights 5 0.4161 
Error (a) 20 0.1013 1.4912** 
5.7769 Hours 3 0.3926 
Locations * hours 12 0.1366 2.0101* 
Nights * hours 15 0.1443 2.0255* 
Error (b) 60 0.0680 
*5% level of probability. 
**1% level of probability. 
Table 5.6. Analysis of variance of the male moths' sexual activity 
during the summer flight of 1972 
Source of variation df Mean square Evalue 
Locations 4 0.4872 0.5975 
Nights 5 2.4624 3.0201 
Error (a) 20 0.8153 4.0780** 
Hours 7 1.9190 9.5982** 
Locations * hours 28 0.1885 0.9426 
Nights * hours 35 0.7070 3.5363** 
Error (b) 140 0.1999 
*5% level of probability. 
**1% level of probability. 
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Table 5.7. Analysis of variance of male moths' sexual activity in the 
spring of 1973* 
Source of variation df Mean square F-value 
Locations 2 0.0216 0.34 
Nights 7 0.2774** 4.41* 
Error (a) 14 0.0630 0.75 
Hours 7 0.4129** 4.99** 
Locations * hours 14 0.1009 1.22 
Nights * hours 49 0.3168** 3.83** 
Error (b) 98 0.0827 
*The second F-value and significance level are associated with the 
total male moths' activity; i.e., when catch by pheromone traps are 
included in the analysis. 
*57o level of probability. 
1% level of probability. 
Table 5.8. Analysis of variance of the male moths' sexual activity 
in the summer of 1973* 
Source of variation df Mean square F-value 
Locations 2 0.0749 0.20 
Nights 14 2.8262** 7.39** 
Error (a) 28 0.3823** 1.96 
Hours 7 4.0780** 20.94** 
Locations * hours 14 0.5048** 2.59* 
Nights * hours 98 0.5854** 3.01** 
Error (b) 196 0.1948 
*The second F-value and significance level are associated with the 
total male moths' activity; i.e., when catch by pheromone traps are 
included in the analysis. 
*5% level of probability. 
1% level of probability. 
